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
7KHVDIHW\SURILOHRI+HPRJORELQ9HVLFOHVDV
DQDUWLILFLDOR[\JHQFDUULHUHYDOXDWHGXVLQJ
PROHFXODUIXQFWLRQDODQDO\VLV

0DVDKLUR7RNXQR
 
7KHVDIHW\SURILOHRI+HPRJORELQ9HVLFOHVDVDQDUWLILFLDOR[\JHQFDUULHUHYDOXDWHGXVLQJ
PROHFXODUIXQFWLRQDODQDO\VLV

0DVDKLUR7RNXQR

+HPRJORELQYHVLFOHV +E9 DUH OLSRVRPDO DUWLILFLDO R[\JHQ FDUULHUV ZLWK KXPDQ
KHPRJORELQ+EHQFDSVXODWHGLQDSKRVSKROLSLGELOD\HUPHPEUDQHIRUWKHSXUSRVHRIEHLQJ
GHYHORSHGDVUHGEORRGFHOO5%&VXEVWLWXWHV+E9LVVXSHULRURYHUFRQYHQWLRQDO5%&VVXFK
DVDORQJVKHOIOLIHDWURRPWHPSHUDWXUHWKHDEVHQFHRIEORRGW\SHDQWLJHQVDQGIUHHIURPYLUDO
FRQWDPLQDWLRQ$OWKRXJK+E9KDVEHHQSURYHQWREHSRWHQWLDOO\XVHIXOLQFOLQLFDOHPHUJHQF\
VLWXDWLRQVUHPRWHDUHDVDQGGLVDVWHUWKHGHYHORSPHQWVWDJHRI+E9LVVWLOOXQGHUSUHFOLQLFDO
LQ FRPSOLDQFH ZLWK *RRG /DERUDWRU\ 3UDFWLFH */3 7KLV LV EHFDXVH ODUJH YROXPH
DGPLQLVWUDWLRQ RI +E9 VRPHWLPHV RYHU D OLWHU LV UHTXLUHG DV 5%& VXEVWLWXWHV LQ SDWLHQWV
7KHUHIRUH IXUWKHU VDIHW\ HYLGHQFHV RI +E9 VKRXOG EH JDWKHUHG LQ WKH VWDJH RI SUHFOLQLFDO
VWXG\IURPPXOWLSRLQWRIYLHZ+HQFHZHFRQGXFWHGSURVSHFWLYHVDIHW\UHVHDUFKRI+E9IRU
LWVFOLQLFDODSSOLFDWLRQ7KHUHVXOWVREWDLQHGLQWKLVVWXG\DUHVXPPDUL]HGDVIROORZV

 (IILFDF\DQGVDIHW\HYDOXDWLRQRIWUDQVIXVLRQZLWKORQJWHUPVWRUHG+E9LQUDWPRGHO
ZLWKPDVVLYHKHPRUUKDJH
$OWKRXJK+E9ZHUHVWUXFWXUDOO\DQGSK\VLFRFKHPLFDOO\VWDEOHIRUDW OHDVWD\HDU LQOLTXLG
VWDWH WKH HIILFDF\ DQG VDIHW\SURILOHV RI WKLV ORQJWHUP VWRUHG+E9 LQPDVVLYHKHPRUUKDJLF
FRQGLWLRQ KDYH QRW EHHQ HVWDEOLVKHG ,Q WKLV FKDSWHU WKH KHPRG\QDPLF DQG KHPDWRORJLFDO
SDUDPHWHUVRIIUHVK5%&VH[FHVVLYHVWRUHG5%&VDQG\HDUVWRUHG+E9LQKHPRUUKDJLFVKRFN
PRGHOUDWVZHUHFRPSDUHGIRUUHVXVFLWDWLYHHIIHFWV)XUWKHUPRUHRUJDQLQMXULHVOLYHUNLGQH\
DQG OXQJ  KRXUV DIWHU WUDQVIXVLRQ ZHUH HYDOXDWHG IRU SRVWWUDQVIXVLRQ DGYHUVH HYHQWV
$OWKRXJK VHYHUH K\SRWHQVLRQ DQGPHWDEROLF DFLGRVLVZHUH LQGXFHG E\ZLWKGUDZLQJ  RI
WRWDOEORRGWKHVHSDUDPHWHUDOPRVWUHFRYHUHGWRWKHEDVHOLQHOHYHODIWHUWUDQVIXVLRQZLWK+E9
7KHKRXUVXUYLYDOUDWHLQJURXSWUDQVIXVHGZLWK+E9ZDVFRPSDUDEOHWRWKDWZLWKIUHVK5%&V
7KHVH UHVXOWV VXJJHVWHG WKDW+E9ZDV DV HIIHFWLYH DV FRQYHQWLRQDO5%&V DV D UHVXVFLWDWLYH
IOXLG LQ KHPRUUKDJLF VKRFN PRGHO )XUWKHUPRUH +E9 DV ZHOO DV IUHVK 5%&V KDG OHVV
SUHGLVSRVHGWRSRWHQWLDWHWKHDGYHUVHHIIHFWRQOXQJVLQFRQWUDVWWRH[FHVVLYHO\VWRUHG5%&V
WKDWFDXVHGSXOPRQDU\QHXWURSKLODFFXPXODWLRQDQGR[LGDWLYHGDPDJHUHVXOWLQJLQOXQJLQMXU\
DWKRXUVDIWHUWUDQVIXVLRQ7KHVHILQGLQJVSURYLGHHYLGHQFHWKDW+E9KDYHWKHSRWHQWLDOIRU
XVHDVDUHVXVFLWDWLYHIOXLGWKDWFDQEHVWRUHGIRUPXFKORQJHUWKDQFRQYHQWLRQDO5%&V

 7KH LQIOXHQFH RI ODUJH YROXPH DGPLQLVWUDWLRQ RI+E9RQKHSDWLF F\WRFKURPH3
&<3DQGSKDUPDFRNLQHWLFVRI&<3PHWDEROL]HGGUXJV
:KHQ+E9LVXVHGLQFOLQLFDOVLWXDWLRQVSDWLHQWVZRXOGQRUPDOO\DOVREHLQJFRDGPLQLVWHUHG
ZLWKPXOWLSOH GUXJV7KHUHIRUH LW LV LPSRUWDQW WR HYDOXDWH WKH SKDUPDFRNLQHWLF LQWHUDFWLRQV
EHWZHHQ+E9DQGFRQFRPLWDQWGUXJVEHFDXVHSKDUPDFRNLQHWLF LQWHUDFWLRQVVRPHWLPHVFDXVH
VHULRXV DGYHUVH HIIHFWV ,Q WKLV FKDSWHU ZH LQYHVWLJDWHG WKH HIIHFWV RI +E9 RQ WKH
SKDUPDFRNLQHWLF LQWHUDFWLRQ UHODWHG WR KHSDWLF&<3V LQ KHDOWK\ UDWV 3URWHRPH DQDO\VLV DQG
ZHVWHUQ EORWWLQJ RI &<3 LVRIRUPV UHYHDOHG WKDW +E9 DGPLQLVWUDWLRQ KDYH OLWWOH HIIHFW RQ
KHSDWLF &<3V SURWHLQ H[SUHVVLRQ +RZHYHU SKDUPDFRNLQHWLFV RI &<3PHWDEROL]HG GUXJV
FDIIHLQH FKORU]R[D]RQH WROEXWDPLGH DQG PLGD]RODP &<3 FRFNWDLO VKRZHG WKDW +E9
PRGHUDWHO\SURORQJHGEORRGUHWHQWLRQRIWKHVHGUXJV,QDGGLWLRQ+E9DGPLQLVWUDWLRQFOHDUO\
VXSSUHVVHG&<3DFWLYLW\DQGP51$H[SUHVVLRQRIIRXU&<3LVRIRUPV&<3$&<3&
&<3 ( DQG &<3 $ LQ WKH OLYHU FRPSDUHG ZLWK IUHVK DQG VWRUHG 5%& DGPLQLVWUDWLRQ
,QWHUHVWLQJO\ WKHVH VXSSUHVVLRQV ZHUH DOVR REVHUYHG LQ UDWV DGPLQLVWHUHG ZLWK HPSW\
OLSRVRPHVZLWKRXW+E7KHVHDOWHUQDWLRQVZHUHDOPRVWUHFRYHUHGLQUDWVRQHZHHNDIWHU+E9
DGPLQLVWUDWLRQ 7DNHQ WRJHWKHU WKHVH UHVXOWV +E9 DGPLQLVWUDWLRQ WUDQVLHQWO\ DQG VOLJKWO\
LQKLELWHGWKH&<3PHWDEROL]LQJIXQFWLRQ

 (YDOXDWLRQ RI KHSDWLF &<3 H[SUHVVLRQ DQG SKDUPDFRNLQHWLFV RI &<3PHWDEROL]LQJ
GUXJVLQKHPRUUKDJLFVKRFNUDWVWUDQVIXVHGZLWKODUJHYROXPH+E9
+E9LVH[SHFWHGIRUXVHDVD5%&DOWHUQDWLYHUHVXVFLWDWLRQIOXLGVLQSDWLHQWVZLWKPDVVLYH
KHPRUUKDJH7KXVWKHHIIHFWVRI+E9UHVXVFLWDWLRQIURPPDVVLYHKHPRUUKDJHRQKHSDWLF&<3V
DQG&<3PHWDEROL]HGGUXJVZHUHDOVRHYDOXDWHGLQKHPRUUKDJLFVKRFNPRGHOUDWV7KHUHVXOWV
RI SURWHRPH DQDO\VLV DQG ZHVWHUQ EORWWLQJ H[SODLQHG WKDW UHVXVFLWDWLRQ ZLWK ERWK +E9 DQG
5%&V GHFUHDVHG H[SUHVVLRQ OHYHOV RI &<3 ZKLFK DSSHDU WR FDXVH E\ KHSDWLF LVFKHPLD
UHSHUIXVLRQGXH WR WKH WUDQVIXVLRQ7R DVVHVVZKHWKHU FKDQJHV LQ H[SUHVVLRQRI&<3VDIIHFW
WKHSKDUPDFRNLQHWLFVRI&<3PHWDEROL]LQJGUXJV&<3FRFNWDLOZHUHDGPLQLVWHUHGLQUDWVDW
 KRXUV DIWHU VKDPWUHDWHG RU UHVXVFLWDWLRQ ZLWK HLWKHU +E9 RU 5%&V 3KDUPDFRNLQHWLF
SDUDPHWHU VKRZHG WKDW WKH HOLPLQDWLRQ RI &<3 FRFNWDLO ZDV SURORQJHG LQ DOO UHVXVFLWDWLRQ
JURXSV$FFRPSDQLHGZLWK LQFUHDVHGEORRG UHWHQWLRQ$8&VRI&<3FRFNWDLO LQ+E9JURXS
ZHUHQRWDEO\LQFUHDVHGLQFRPSDULVRQZLWKWKRVHLQ5%&VJURXS7KHVHILQGLQJVLPSOLHGWKDW
UHVXVFLWDWLRQZLWK+E9DIWHUPDVVLYHKHPRUUKDJHKDYHDQDIIHFWRQGUXJPHWDEROLVPE\&<3V
LQWKHOLYHUGXHWRGHFUHDVHGSURWHLQOHYHOVRI&<3VUHVXOWLQJ LQHQKDQFHGGUXJUHWHQWLRQLQ
WKHERG\

,Q FRQFOXVLRQ ORQJWHUP VWRUHG +E9 VKRZHG UHVXVFLWDWLYH HIIHFWV ZLWKRXW FDXVLQJ SRVW
WUDQVIXVHG OXQJ LQMXU\ FRPSDUDEOH WR FRQYHQWLRQDO 5%&V UHYHDOHG WKDW +E9 KDYH KLJK
SRWHQWLDOIRUXVHDVDUHVXVFLWDWLYHIOXLGZLWKDORQJVKHOIOLIH,QDGGLWLRQZHDUHWKHILUVWWR
UHSRUW WKH LQIOXHQFH RI SKDUPDFRNLQHWLF GUXJGUXJ LQWHUDFWLRQ RI +E9 LQ ERWK KHDOWK\ DQG
KHPRUUKDJLFVKRFNPRGHOUDWV7KHUHVXOWVREWDLQHGLQWKLVVWXG\SURYLGHXVHIXO LQIRUPDWLRQ
RQGHYHORSLQJ+E9DVDQHZW\SHRIDUWLILFLDOR[\JHQFDUULHUVIRUFOLQLFDOXVH
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$UHDXQGHUWKHSODVPD
FRQFHQWUDWLRQWLPHFXUYH
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%$/) Ẽ⟶ᨭ⫵⬊Ὑίᾮ  %URQFKRDOYHRODUODYDJHIOXLG
&/WRW ඲㌟䜽䝸䜰䝷䞁䝇 7RWDOFOHDUDQFH
&<3 䝅䝖䜽䝻䝮 3 &\WRFKURPH3
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+E 䝦䝰䜾䝻䝡䞁㻌 +HPRJORELQ
+%2&V 䝦䝰䜾䝻䝡䞁⣔㓟⣲㐠ᦙయ㻌 +HPRJORELQEDVHGR[\JHQFDUULHUV
+E9 䝦䝰䜾䝻䝡䞁ᑠ⬊య㻌 +HPRJORELQ9HVLFOHV
+FW 䝦䝬䝖䜽䝸䝑䝖್㻌 +HPDWRFULW
+( 䝦䝬䝖䜻䝅䝸䞁䞉䜶䜸䝅䞁㻌 +HPDWR[\OLQDQGHRVLQ
+,) ప㓟⣲ㄏᑟᅉᏊ㻌 +\SR[LDLQGXFLEOHIDFWRU
0$3 ᖹᆒື⬦ᅽ㻌 0HDQDUWHULDOSUHVVXUH
032 䝭䜶䝻䝨䝹䜸䜻䝅䝎䞊䝊㻌 0\HORSHUR[LGDVH
057 ᖹᆒ⁫␃᫬㛫㻌 0HDQUHVLGHQFHWLPH
3)%2&V 䝟䞊䝣䝹䜸䝻䜹䞊䝪䞁⣔㓟⣲㐠ᦙయ㻌 3HUIOXRURFDUERQEDVHG
R[\JHQFDUULHUV
35%& ㉥⾑⌫⃰ཌᾮ㻌 3DFNHGUHGEORRGFHOOV
526 άᛶ㓟⣲✀㻌 5HDFWLYHR[\JHQVSHFLHV
7 ⏕≀Ꮫⓗ༙ῶᮇ㻌 %LRORJLFDOKDOIOLIH
75$/, ㍺⾑㛵㐃ᛴᛶ⫵㞀ᐖ㻌 7UDQVIXVLRQUHODWHGDFXWHOXQJ
LQMXU\
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/RQJ7HUP 6WRUHG +HPRJORELQ9HVLFOHV D &HOOXODU 7\SH RI +HPRJORELQ%DVHG 2[\JHQ
&DUULHU +DV 5HVXVFLWDWLYH (IIHFWV &RPSDUDEOH WR WKDW IRU )UHVK 5HG %ORRG &HOOV LQ D 5DW
0RGHOZLWK0DVVLYH+HPRUUKDJHZLWKRXW3RVW7UDQVIXVLRQ/XQJ,QMXU\
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
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ࡶࡢ࡟ಟ㣭ࢆຍ࠼ࡿࡇ࡜࡞ࡃࠊ㉥⾑⌫࡜ྠᵝ࡟+Eࢆ⬡㉁⭷➼࡛⿕そࡋࡓᵓ㐀ࢆᣢࡘ
⣽⬊ᆺ+%2&Vࡢ㛤Ⓨࡀ⢭ຊⓗ࡟⾜ࢃࢀ࡚ࡁࡓࠋࡑࡢ⫼ᬒ࡜ࡋ࡚㉥⾑⌫ᵓ㐀ࡢ⏕⌮Ꮫ
ⓗព࿡ࠊࡘࡲࡾࠊ+Eࢆ⬡㉁⭷࡛ໟࡳ㎸ࡴࡇ࡜࡛+E࡟⏤᮶ࡍࡿ✀ࠎࡢẘᛶࡸ᭷ᐖస⏝
ࢆᅇ㑊࡛ࡁࡿⅬࡸࠊᢞ୚ᚋࡢ⾑ᾮ୰࡟࠾ࡅࡿ⭺㉁ᾐ㏱ᅽࡸ⢓ᗘࡢⴭࡋ࠸ቑຍࢆᢚไࡍ
ࡿ࡜࠸࠺฼Ⅼࡀ෌ㄆ㆑ࡉࢀ࡚࠸ࡿࡇ࡜ࡀᣲࡆࡽࢀࡿࠋࡇࢀࡽࡢ฼Ⅼ࡟╔┠ࡋ࡚๰〇ࡉ
ࢀࡓ࣊ࣔࢢࣟࣅࣥᑠ⬊య  +E9HVLFOHV +E9 ࡣࠊ㉥⾑⌫⭷ࢆᶍೌࡋࡓ⬡㉁஧㔜⭷୰
࡟ࠊ㉥⾑⌫࡜ྠ➼ࡢ㧗⃰ᗘࣄࢺ+E !  JG/ࢆෆໟࡋࡓࠊ༢ᒙ࣏ࣜࢯ࣮࣒ᵓ㐀ࢆ᭷
ࡍࡿ⣽⬊ᆺ+%2&V࡛࠶ࡿ  )LJࠋ 


)LJ6WUXFWXUHVRI+E9
+E9DUH OLSRVRPDODUWLILFLDOR[\JHQFDUULHUVHQFDSVXODWHGZLWKKXPDQ+ELQDSKRVSKROLSLG
ELOD\HUPHPEUDQHZLWKSRO\HWK\OHQHJO\FRO



 +E9ࡢཎᩱ࡛࠶ࡿ+Eࡣᮇ㝈ษࢀࣄࢺ㉥⾑⌫࠿ࡽᢳฟ⢭〇ࡍࡿ㐣⛬࡟࠾࠸࡚ࠊ⭷ᡂ
ศࡢ㝖ཤ࡟ຍ࠼࡚ࠊຍ⇕࡟ࡼࡿẅ⳦࡜ࢼࣀࣇ࢕ࣝࢺ࣮ࣞࢩࣙࣥ࡟ࡼࡗ࡚࢘࢖ࣝࢫ➼ࡢ
ឤᰁ※ࢆ᏶඲࡟୙άᛶ໬࣭㝖ཤࡍࡿࡓࡵ  ±ࠊឤᰁ⑕ࡢ༴㝤ࡀ࡞࠸ࠋ⬡㉁⭷⾲㠃࡟
ࡣ࣏࢚ࣜࢳࣞࣥࢢࣜࢥ࣮ࣝ  3(*ಟ㣭ࡀ᪋ࡉࢀ࡚࠾ࡾࠊࡇࢀ࡟ࡼࡗ࡚ᢞ୚ᚋࡢ⣽⥙
ෆ⓶⣔࡟ࡼࡿ㏿ࡸ࠿࡞⢏Ꮚࡢ㈎㣗ࡀᅇ㑊ࡉࢀࠊᑠ⬊యᵓ㐀ࢆ⥔ᣢࡋࡓࡲࡲ㧗࠸⾑୰⁫
␃ᛶࢆ♧ࡍ࡯࠿  ±ࠊ+E9ࡢ⬡㉁⭷⾲㠃࡟ࡣ⢾㙐ᢠཎࡀ࡞࠸ࡓࡵ⾑ᾮᆺ࡟㛵ಀ࡞ࡃ
ᢞ୚࡛ࡁࡿࠋຍ࠼࡚ࠊ3(*ಟ㣭ࡣ⢏Ꮚࡢจ㞟ࢆᢚไࡋศᩓᏳᐃᛶࢆᨵၿࡉࡏࡿࡓࡵࠊ
〇๣໬ᕤ⛬࡛ࡢ+Eࡢ⬺㓟⣲໬࡜⤌ࡳྜࢃࡏࡿࡇ࡜࡛ࠊᐊ ࣭ᾮయ᮲௳ୗ࡛㛗ᮇ㛫ࡢ
ಖᏑ࡟⪏࠼࠺ࡿ〇๣࡜ࡋ࡚ࡢྍ⬟ᛶࡀ in vitroࡢ◊✲࡛♧ࡉࢀ࡚࠸ࡿ  ࠋࡉࡽ࡟ࠊ⢭
〇+Eࡣ㓟⣲࡜ᙉᅛ࡟⤖ྜࡋ࡚㓟⣲ศᅽࡢప࠸ᮎᲈ⤌⧊࡛㓟⣲ࢆᨺฟࡋ࡟ࡃ࠸≉ᛶࢆ
᭷ࡍࡿࡢ࡟ᑐࡋࠊ+E9ࡣࣔࢪ࣮ࣗࣞࢱ࡛࠶ࡿ3\ULGR[DO ƍSKRVSKDWH 3/3࡜+Eࡢࣔࣝ
ẚࢆ࣏ࣜࢯ࣮࣒ෆ࡛ኚ࠼ࡿࡇ࡜࡛㓟⣲ぶ࿴ᛶ  P ࢆ⮬⏤࡟ㄪᩚ࡛ࡁࡿࠋ౛࠼ࡤࠊ
3/3+E ࡢ࡜ࡁ࡟+Eࡣ㉥⾑⌫࡜ྠ⛬ᗘࡢPWRUUࢆ♧ࡍࡓࡵ㉥⾑⌫௦᭰≀࡜
ࡋ࡚ࡢ฼⏝ࡀᮇᚅࡉࢀࡿࡀ  7DEOH   ࠊ 3/3+E ࡢ࡜ࡁ +Eࡣ㓟⣲㧗ぶ࿴ᛶ 
P WRUUࢆ♧ࡋ  ࠊప㓟⣲⤌⧊࡬ࡢ㓟⣲ࡢࢱ࣮ࢤࢸ࢕ࣥࢢ࡜࠸ࡗࡓᛂ⏝౑⏝ࡶྍ
⬟࡛࠶ࡿ  ࠋ 
 ᚑ᮶ࡢ⾑ᾮ〇๣࡟ࡣ↓࠸ከࡃࡢ฼Ⅼࢆ᭷ࡍࡿ+E9࡛ࡣࠊ㉥⾑⌫௦᭰≀࡜ࡋ࡚ࡢ᭷ຠ
ᛶࡢホ౯ࡀ⾜ࢃࢀ࡚࠾ࡾࠊᵝࠎ࡞ື≀✀ࢆ⏝࠸ࡓ஺᥮㍺⾑ヨ㦂ࡸฟ⾑ᛶࢩࣙࢵࢡ࠿ࡽ
ࡢ⸽⏕ヨ㦂➼ࡢ⤖ᯝࠊ⤌⧊࡬ࡢⰋዲ࡞㓟⣲㐠ᦙ⬟ࡸ⾑⾜ືែࡢᏳᐃ໬ࠊ⏕Ꮡ⋡ࡢྥୖ
➼ࡀᐇドࡉࢀ࡚࠸ࡿ  ࠋࡲࡓࠊ+E9ࡢ㓟⣲㐠ᦙᢸయ࡜ࡋ࡚ࡢᶵ⬟࡟╔┠ࡋࠊ⮚ჾ℺
ὶᾮ࡜ࡋ࡚ࡢ౑⏝ࡸ⬻᱾ሰ࡟࠾ࡅࡿ⬻⹫⾑㒊఩ࡢᣑ኱ᢚไຠᯝࡀᮇᚅࡉࢀ࡚࠸ࡿ 
ࠋࡉࡽ࡟ࡣࠊ⏕యෆ࡛ᜏᖖⓗ࡟⏘⏕ࡉࢀ࡚࠾ࡾᙉຊ࡞ᢠ㓟໬స⏝ࡸᢠ⅖⑕స⏝➼
ࡢ⸆⌮స⏝ࢆ᭷ࡍࡿ୍㓟໬Ⅳ⣲  &2 ࡀ+E࡟ྍ㏫ⓗ࡟⤖ྜࡍࡿࡇ࡜࡟╔┠ࡋࠊ+E9
ࢆ&2ᨺฟไᚚᢸయ࡜ࡋ࡚⏝࠸ࡿࡇ࡜࡛ࠊ㞴἞ᛶ⅖⑕⑌ᝈ἞⒪⸆࡜ࡋ࡚ࡢྍ⬟ᛶࢆ♧
ࡋࡓሗ࿌ࡶ࡞ࡉࢀ࡚࠸ࡿ  ࠋࡇࡢࡼ࠺࡟ࠊ+E9ࡣ༢࡟㉥⾑⌫௦᭰≀࡜ࡋ࡚ࡢ฼⏝࡟
࡜࡝ࡲࡽࡎࠊ✀ࠎࡢ⑓ែ࡟ᑐࡍࡿ἞⒪⸆࡜ࡋ࡚ࡢᛂ⏝ࡢྍ⬟ᛶࢆ⛎ࡵ࡚࠸ࡿࠋ 
 


7DEOH3K\VLFRFKHPLFDOFKDUDFWHULVWLFVRI+E9
3DUDPHWHU
3DUWLFOHGLDPHWHU FDQP
P 7RUUS+
>+E@ JG/
>PHW+E@ 
>&DOERQ\O+E@ 
>/LSLGV@ JG/
/LSLGFRPSRVLWLRQ '33&FKROHVWHURO'+6*'63(3(*
E\PRO
&ROORLGRVPRWLFSUHVVXUH 7RUU
9LVFRVLW\ F3
/DPHOODULW\ QHDUO\
P7KHR[\JHQSUHVVXUHQHFHVVDU\IRUVDWXUDWLRQRI+E
'33&GLSDOPLWR\OVQJO\FHURSKRVSKRFKROLQH
'+6*ELV2KH[DGHF\O1VXFFLQ\O/JOXWDPDWH
'63(GLVWHDUR\OVQJO\FHURSKRVSKDWLG\OHWKDQRODPLQH

 㱎ṑ㢮ࠊ࢘ࢧࢠࠊࣅ࣮ࢢࣝ≟ࠊࣈࢱࠊࢧࣝࢆᑐ㇟࡟ࡋࡓ✀ࠎࡢື≀ᐇ㦂࡟ࡼࡾࠊ
+E9ࡢᏳ඲ᛶ࡟ࡘ࠸࡚ࡶᩘከࡃࡢ▱ぢࡀᚓࡽࢀ࡚࠸ࡿࠋ໬Ꮫಟ㣭ᆺ+%2&V࡛ほᐹࡉ
ࢀࡓ୍㓟໬❅⣲ࡢᤕᤊ࡟㉳ᅉࡍࡿ⾑ᅽୖ᪼ࡸ⾑⟶཰⦰➼ࡣ♧ࡉ࡞࠸ࡇ࡜ࡣ໚ㄽ  ࠊ
༢ᅇ࠾ࡼࡧ」ᩘᅇ࡟ࢃࡓࡾ+E9ࢆ኱㔞ᢞ୚ࡋ࡚ࡶࠊ㢧ⴭ࡞᭷ᐖస⏝ࡣ㉳ࡇࡽ࡞࠸ࡇ࡜
ࡀ☜ㄆࡉࢀ࡚࠸ࡿ  ࠋࡲࡓࠊ+E9ࡣ୺࡟⭁⮚࡜⫢⮚࡛௦ㅰࢆཷࡅࡓᚋ࡟ࠊࡑࡢ௦ㅰ
≀  ศゎ≀ࡣᒀ୰࠶ࡿ࠸ࡣ⣅౽୰࡟Ᏻ඲࡟᤼ἥࡉࢀࡿࡇ࡜ࡶᐇドࡉࢀ࡚࠾ࡾࠊ೺ᖖ
࠾ࡼࡧྛ⑓ែࢆ᝿ᐃࡋࡓࣔࢹࣝື≀ࡢ࠸ࡎࢀ࡟࠾࠸࡚ࡶࠊ3)%2&V࡛ၥ㢟どࡉࢀࡓయ
ෆ⵳✚ᛶࡣほᐹࡉࢀ࡚࠸࡞࠸  ࠋ 
 ࡇࡢࡼ࠺࡟ࠊ+E9ࡣ᭷ຠᛶ࡜Ᏻ඲ᛶࢆවࡡഛ࠼ࡓேᕤ㉥⾑⌫〇๣࡜ࡋ࡚ࡑࡢ⮫ᗋᛂ
⏝ࡀᮇᚅࡉࢀ࡚࠸ࡿࡀࠊ་⸆ရ࡜ࡋ࡚ࡢᐇ⏝໬࡟㝿ࡋ࡚ࡣࠊ㠀⮫ᗋヨ㦂ࡸ⮫ᗋヨ㦂࡜
࠸ࡗࡓከࡃࡢࣉࣟࢭࢫࢆ⤒ࡿᚲせࡀ࠶ࡾࠊࡇࢀࡽࡢヨ㦂ᐇ᪋ࢆ෇⁥࡟㐍ࡵࡿୖ࡛ᚲせ
࡞ᇶ♏ⓗࢹ࣮ࢱࡢ཰㞟࡜ホ౯ࡣᚲせ୙ྍḞ࡛࠶ࡿࠋ≉࡟ࠊ+E9ࡢࡼ࠺࡞ேᕤ⾑ᾮ〇๣
࡛ࡣࠊࡇࢀࡲ࡛ୖᕷࡉࢀ࡚ࡁࡓ་⸆ရ࡜ẚ㍑ࡋ࡚ከ኱࡞ᢞ୚㔞ࢆᚲせ࡜ࡍࡿࡓࡵࠊከ
ゅⓗ࡞どⅬ࠿ࡽࡢᇶ♏ⓗ᳨ウࡀồࡵࡽࢀࡿࠋࡑࡇ࡛ᮏ◊✲࡛ࡣࠊ+E9ࡢᐇ⏝໬ࢆ┠ᣦ
ࡋࡓඛぢⓗᏳ඲ᛶホ౯ࢆ⾜࠸ࠊ+E9ࡢ⮫ᗋヨ㦂࡟ྥࡅࡓᇶ♏ⓗࢹ࣮ࢱࡢ཰㞟ࢆ┠ⓗ࡜
ࡋࡓࠋࡲࡎࠊ➨❶࡟࠾࠸࡚ࠊᾮయ᮲௳ୗ࡛㛗ᮇಖᏑࡉࢀࡓ+E9〇๣ࢆฟ⾑ᛶࢩࣙࢵ


ࢡࣔࢹࣝࣛࢵࢺ࡟ᢞ୚ࡋࠊࡑࡢ᭷ຠᛶ࡜Ᏻ඲ᛶࢆ᳨ウࡋࡓࠋ➨❶࡟࠾࠸࡚ࡣࠊ+E9
ᢞ୚ࡀ⸆≀௦ㅰ⬟ࡸే⏝⸆ࡢయෆືែ࡟୚࠼ࡿᙳ㡪࡟ࡘ࠸࡚ࠊ⸆≀௦ㅰ㓝⣲࡛࠶ࡿ⫢
&\WRFKURPH 3 &<3 ࡟↔Ⅼࢆᙜ࡚࡚ホ౯ࡋࡓࠋ➨❶࡛ࡣࠊ➨❶࡛ᚓࡽࢀࡓ▱ぢ
ࢆࡶ࡜࡟ࠊฟ⾑ᛶࢩࣙࢵࢡࣔࢹࣝࣛࢵࢺ࡟ᑐࡍࡿ+E9㍺⾑ࡀ&<3௦ㅰᆺ⸆≀ࡢయෆື
ែ࡟୚࠼ࡿᙳ㡪࡟ࡘ࠸࡚ホ౯ࡋࡓࠋ 
 ௨ୗ࡟ᮏ◊✲࡛ᚓࡽࢀࡓ▱ぢࢆヲ㏙ࡍࡿࠋ 
 


➨❶ ฟ⾑ᛶࢩࣙࢵࢡࣔࢹࣝࣛࢵࢺ࡟ᑐࡍࡿ㛗ᮇಖᏑ +E9 ᢞ୚᫬ࡢ᭷ຠᛶ࠾ࡼࡧ
 Ᏻ඲ᛶホ౯ 

➨⠇ ᗎ

 ㉥⾑⌫㍺⾑ࡣ⮫ᗋ࡟࠾࠸࡚ᚲせ୙ྍḞ࡞་⒪⾜Ⅽ࡜ࡋ࡚ỗ⏝ࡉࢀࡿ୍᪉࡛ࠊ㍺⾑ᚋ
ࡢ㔜⠜࡞๪స⏝࡜ࡋ࡚㍺⾑㛵㐃ᛴᛶ⫵㞀ᐖ  75$/, ࡸ  ㍺⾑㛵㐃ᚠ⎔㈇Ⲵ  7$&2
➼ࢆច㉳ࡍࡿࡇ࡜ࡀᠱᛕࡉࢀࡿ  ࠋຍ࠼࡚ࠊ㉥⾑⌫ࡣಖᏑ୰࡟⁐⾑ࡸ㓟⣲㐠ᦙ⬟ࡢ
పୗࠊኚᙧ⬟ࡢపୗ➼ࡢᵓ㐀ⓗ࣭ᶵ⬟ⓗຎ໬ࡀ㐍⾜ࡍࡿ 6WRUDJH OHVLRQ ࢆ㉳ࡇࡍࡇ࡜
ࡀ▱ࡽࢀ࡚࠸ࡿ  ࠋࡇࡢࡓࡵࠊ㉥⾑⌫⃰ཌᾮ  35%&ࡢチᐜಖᏑᮇ㛫ࡣࠊྛᅜࡢ♫
఍஦᝟ࡸಖᏑᾮࡢ⤌ᡂ➼࡟ࡼࡾ␗࡞ࡿࡶࡢࡢࠊ᥇⾑ᚋ  ᪥࡜㠀ᖖ࡟▷࠸  ࠋࡉࡽ
࡟ࠊື≀ᐇ㦂࡟࠾࠸࡚ࠊಖᏑ 35%& ࡸࡑࡢ⾑₢ᡂศࡢᢞ୚࡟ࡼࡾ⫵㞀ᐖࢆច㉳ࡍࡿሗ
࿌ࡀ࠶ࡿࡇ࡜࠿ࡽࠊಖᏑࡋࡓ 35%& 〇๣ࡢᢞ୚ࡀ㍺⾑ᚋ๪స⏝ࡢ୍ᅉ࡟࡞ࡿྍ⬟ᛶࢆ
᏶඲࡟ࡣྰᐃ࡛ࡁ࡞࠸  ࠋ 
 +E9 〇๣ࡢ㛗ᮇಖᏑ᫬ࡢᏳᐃᛶヨ㦂࡜ࡋ࡚ࠊࠊࠊ& ࡟࠾ࡅࡿ✀ࠎࡢ≀⌮໬Ꮫ
ⓗࣃ࣓࣮ࣛࢱ  ⢏Ꮚᚄࡸ⬡㉁ࡢኚᛶࠊS+ኚ໬ࠊ+Eࡢ࣏ࣜࢯ࣮࣒ෆ┦࠿ࡽࡢ₃ฟᗘ➼
ࡀホ౯ࡉࢀ࡚࠾ࡾࠊᐊ ࣭ᾮయ᮲௳ୗ࡛ᑡ࡞ࡃ࡜ࡶ  ᖺ㛫௨ୖࡢಖᏑ࡟⪏࠼࠺ࡿࡇ࡜
ࡀሗ࿌ࡉࢀ࡚࠸ࡿ  ࠋࡘࡲࡾࠊ+E9 ࡣ᪤Ꮡࡢ㉥⾑⌫〇๣࡜ẚ㍑ࡋ࡚ᴟࡵ࡚㛗ᮇ㛫ࡢ
ಖᏑࡀྍ⬟࡞࣏ࢸࣥࢩࣕࣝࢆ᭷ࡍࡿ〇๣࡛࠶ࡾࠊ༢࡟ഛ⵳ྍ⬟࡞㉥⾑⌫௦᭰≀࡜ࡋ࡚
ࡢ฼⏝ࡔࡅ࡟␃ࡲࡽࡎࠊࡑࡢ༟㉺ࡋࡓ≉ᛶࢆά࠿ࡋࠊᩆᛴᦙ㏦᫬ࡢࣉࣞ࣍ࢫࣆࢱࣝࢣ
࢔➼࡬ࡢᛂ⏝ࡀᮇᚅ࡛ࡁࡿࠋࡋ࠿ࡋ࡞ࡀࡽࠊ㛗ᮇಖᏑ +E9 〇๣ࡢ⸆⌮ຠᯝࡸᏳ඲ᛶ
ࢆ in vivo ࡟࠾࠸࡚ホ౯ࡋࡓ◊✲ࡣࡇࢀࡲ࡛࡟⾜ࢃࢀ࡚࠾ࡽࡎࠊࡇࢀࡽࡢホ౯㡯┠ࡣ
⮫ᗋᛂ⏝࡟㝿ࡋ࡚ᚲせ࡜ࡉࢀࡿᇶ♏ⓗࢹ࣮ࢱ࡛࠶ࡿ࡜⪃࠼ࡽࢀࡿࠋ 
 ࡑࡇ࡛ᮏ❶࡛ࡣࠊ㛗ᮇ࡟ಖᏑࡉࢀࡓ +E9 〇๣ࡀ᭷ᐖస⏝ࢆ♧ࡍࡇ࡜࡞ࡃ᪤Ꮡࡢ㉥
⾑⌫〇๣࡜ྠ➼ࡢ⸽⏕ຠᯝࢆ᭷ࡍࡿ࠿ࢆ in vivo ࡟࡚ホ౯ࡍࡿࡇ࡜ࢆ┠ⓗ࡜ࡋࡓࠋල
యⓗ࡟ࡣࠊ㉥⾑⌫㍺⾑ࡢᚲせ࡞⑓ែ࡛࠶ࡿฟ⾑ᛶࢩࣙࢵࢡࣔࢹࣝࣛࢵࢺ࡟ᑐࡋ࡚ࠊ
ᖺ㛫ಖᏑࡉࢀࡓ +E9ࢆᢞ୚ࡋࠊ⸽⏕ຠᯝ࡜୺せ⮚ჾ  ⫢⮚ࠊ⭈⮚ࠊ⫵࡟ᑐࡍࡿ㞀ᐖ
ᛶ࡟ࡘ࠸࡚ホ౯ࢆ⾜ࡗࡓࠋᐇ㦂⩌࡜ࡋ࡚㛗ᮇಖᏑ +E9 ᢞ୚⩌ࡢ࡯࠿ࠊ᪂㩭㉥⾑⌫ᢞ
୚⩌  35%&ࠊ ᪥ಖᏑ㉥⾑⌫ᢞ୚⩌  35%&ࠊVKDPWUHDWHG VKDP⩌ࡢィ  ⩌
ࢆタᐃࡋࠊ⤖ᯝࢆẚ㍑᳨ウࡋࡓࠋ 
 


➨⠇ ฟ⾑ᛶࢩࣙࢵࢡࣔࢹࣝࣛࢵࢺࡢస〇 

+E9 ࡢண᝿ࡉࢀࡿ⮫ᗋ㐺ᛂ⑌ᝈࡣከᒱ࡟ࢃࡓࡾࠊࡑࢀࡽ࡟ᑐࡍࡿ᭷⏝ᛶࡣከࡃࡢ
ື≀ᐇ㦂࡟࠾࠸࡚ᐇドࡉࢀ࡚࠸ࡿ  ࠋ୰࡛ࡶࠊ኱㔞ฟ⾑࡟క࠺ฟ⾑ᛶࢩࣙࢵࢡ≧ែ
࡟ᑐࡍࡿ +E9 ᢞ୚ࡣࠊࡑࡢ⏝㏵࡜ࡋ࡚᭱ࡶ㟂せࡀ㧗࠸࡜ண᝿ࡉࢀࡿࠋࡑࡇ࡛ࠊฟ⾑
ᛶࢩࣙࢵࢡࣔࢹࣝࣛࢵࢺࢆ㛗ᮇಖᏑ +E9 ࡢ᭷ຠᛶ࠾ࡼࡧᏳ඲ᛶホ౯࡟⏝࠸ࡓࠋ
1LFKROVRQ ࡽࡢሗ࿌  ࢆᇶ࡟స〇ࡉࢀࡓᮏᐇ㦂࡟࠾ࡅࡿฟ⾑ᛶࢩࣙࢵࢡࣔࢹࣝࣛࢵࢺ
ࡣࠊ඲⾑ᾮ㔞ࡢ P/NJࢆ⬺⾑ᚋࠊ ศ࡟ࢃࡓࡾᖹᆒື⬦ᅽࢆ PP+J ࡟
⥔ᣢࡍࡿࡓࡵ࡟㐺ᐅ⬺⾑ࢆ⧞ࡾ㏉ࡍ࡜࠸࠺㐣㓞࡞᮲௳ࢆタᐃࡋࡓࠋ⥆࠸࡚ࠊึᮇ⸽⏕
ฎ⨨࡜ࡋ࡚ࠊ⬺⾑ࡢ  ಸ㔞ࡢங㓟ࣜࣥࢤࣝࢆ  ศ㛫࠿ࡅ࡚ᢞ୚ᚋࠊ35%&ࠊ35%&
ࠊ࠶ࡿ࠸ࡣ +E9 ࢆ  ศ㛫࠿ࡅ࡚㍺⾑ࡋࡓ  )LJ ࠋࡑࡢ⤖ᯝࠊ⬺⾑ࢆ⾜ࡗࡓ඲ࣛ
ࢵࢺ୰ࠊࡑࡢ   ༉୰  ༉ࡀ㍺⾑᪋⾜๓࡟Ṛஸࡋࡓࠋࡲࡓࠊࣛࢵࢺ࠿ࡽࡢ⥲⬺
⾑㔞ཬࡧ㍺⾑᫬ࡢ +E ᢞ୚㔞ࡣ࠸ࡎࢀࡶ᭷ព࡞ᕪࡣ↓࠿ࡗࡓࡇ࡜࠿ࡽࠊ⩌㛫࡟ࡼࡿฟ
⾑㔞ࡸ㍺⾑㔞ࡢᕪ␗ࡀᐇ㦂⤖ᯝ࡟୚࠼ࡿᙳ㡪ࡣ࡞࠸࡜⪃࠼ࡽࢀࡓ  )LJࠋ 


)LJ6FKHPHVKRZLQJWKHH[SHULPHQWDOSURFHGXUH
+HPRUUKDJHVKRFNZDVLQGXFHGLQWKHUDWVE\ZLWKGUDZLQJRIRIWKHLUZKROHEORRGDQG
UDWVZHUHPDLQWDLQHGLQDK\SRWHQVLYHVWDWHIRUPLQ7KHQUDWVZHUHUHVXVFLWDWHGZLWK WKH
WUDQVIXVLRQDQGIROORZHGXSIRUXSWRKRXUVDIWHUWKHHQGRIWUDQVIXVLRQ
 



)LJD7KHWRWDOYROXPHRIEOHHGLQJGXULQJKHPRUUKDJLFVKRFNDQGEWKHDPRXQWRI
WUDQVIXVHG+ELQWKHKHPRUUKDJLFVKRFNPRGHOUDWVUHVXVFLWDWHGZLWK35%&35%&
RU+E9
9DOXHVDUH WKHPHDQ6'Q HDFKJURXS5DWV WKDWGLHGGXULQJ WKHREVHUYDWLRQSHULRG
ZHUHH[FOXGHGIURPWKHQXPEHU

➨⠇ 㛗ᮇಖᏑ +E9 ࡢ⸽⏕ຠᯝ 

 ㍺⾑⸽⏕ᚋࡢ⏕Ꮡ⋡
 
 ྛ⸽⏕ᾮ࡛㍺⾑⤊஢ᚋ  ᫬㛫ࡲ࡛ࡢ⏕Ꮡ⋡ࢆホ౯ࡋࡓࠋࡑࡢ⤖ᯝࠊ㍺⾑⤊஢  ᫬㛫
ᚋࡲ࡛ࡢほᐹ࡟࠾࠸࡚ࠊ⬺⾑࠾ࡼࡧ㍺⾑ฎ⨨ࢆ᪋ࡋ࡚࠸࡞࠸ VKDP ⩌࡛ࡣ඲౛ࡀ⏕Ꮡ
ࡋࠊ35%& ⩌࡟࠾ࡅࡿ⏕Ꮡ⋡ࡣ  ࡛࠶ࡗࡓࡢ࡟ᑐࡋࠊ35%& ⩌࡛ࡣ
 ࡜ഹ࠿࡟ప࠿ࡗࡓ  )LJ ࠋ+E9 ⩌࡟࠾ࡅࡿ⏕Ꮡ⋡ࡣ  ࡜ࠊ
㉥⾑⌫㍺⾑⩌࡜ẚ㍑ࡋ࡚㧗࠸ഴྥࢆ♧ࡋࡓࡀࠊ࠸ࡎࢀࡶ᭷ពᕪࡣㄆࡵࡽࢀ࡞࠿ࡗࡓࠋ 


)LJ  6XUYLYDO REVHUYDWLRQV PDGH DIWHU KHPRUUKDJLF VKRFN DQG UHVXVFLWDWLRQ ZLWK
35%&35%&RU+E9
6XUYLYDOUDWHVRIVKDPWUHDWHGUDWVQ KHPRUUKDJLFVKRFNUDWVUHVXVFLWDWHGZLWK35%&
Q 35%&Q RU+E9Q  


 ᚠ⎔ືែࣃ࣓࣮ࣛࢱ 
 
 ฎ⨨๓࡛࠶ࡿ %DVHOLQHࡢ 0$3ࡣ඲⩌࡟࠾࠸࡚ PP+Jࢆ♧ࡋࡓ୍᪉ࠊ⬺⾑
┤ᚋ࡛ࡣⴭࡋ࠸పୗࢆ♧ࡋࠊ PP+J ࢆ኱ࡁࡃୗᅇࡗࡓࠋࡉࡽ࡟ࠊᬗ㉁ᾮ࡛࠶ࡿங
㓟ࣜࣥࢤࣝᢞ୚┤ᚋ  ㍺⾑┤๓ࡢ 0$3 ࡣ 35%&ࠊ35%&ࠊ+E9 ⩌࡛ࡑࢀࡒࢀ  
ࠊࠊPP+J ࡛࠶ࡾࠊฟ⾑ᛶࢩࣙࢵࢡ࡟ᑐࡍࡿึᮇ἞⒪࡜
ࡋ࡚ᐇ᪋ࡉࢀࡿᬗ㉁ᾮᢞ୚࡛ࡣ༑ศ࡞ 0$3 ࡢᅇ᚟ࡀぢࡽࢀ࡞࠿ࡗࡓࠋࡑࡢᚋࠊ㉥⾑
⌫ࡲࡓࡣ +E9 ࡛㍺⾑ࢆ⾜࠺ࡇ࡜࡛ 0$3 ࡣ %DVHOLQH ࡜ྠ➼ࡢࣞ࣋ࣝ࡟ᅇ᚟ࡋࡓ  )LJ
Dࠋࡋ࠿ࡋ࡞ࡀࡽ +E9 ⩌࡟࠾࠸࡚ࠊ%DVHOLQH ࡜ẚ㍑ࡍࡿ࡜⸽⏕  ᫬㛫ᚋࡢ 0$3 ࡟ࢃ
ࡎ࠿࡞పୗࡀほᐹࡉࢀࡓࠋ⬺⾑᫬࡟ⴭࡋࡃኚ໬ࡋࡓ 0$3 ࡜ࡣᑐ↷ⓗ࡟ࠊᚰᢿᩘ
࡟ࡘ࠸࡚ࡣほᐹ୰࡟๻ⓗ࡞ኚ໬ࡣ㉳ࡇࡽ࡞࠿ࡗࡓ  )LJEࠋ 


)LJ&KDQJHVLQKHPRG\QDPLFSDUDPHWHUVGXULQJDQGDIWHUUHVXVFLWDWLRQZLWK35%&
35%&RU+E9
D0HDQDUWHULDOSUHVVXUH0$3EKHDUWUDWH+5GXULQJDQGDIWHUKHPRUUKDJLFVKRFNDQG
UHVXVFLWDWLRQZLWK35%&35%&RU+E9IRUKRXUV9DOXHVDUHWKHPHDQ6'Q 
HDFKJURXSpDQGpYVEDVHOLQH5DWVWKDWGLHGGXULQJWKHREVHUYDWLRQSHULRG
ZHUHH[FOXGHGIURPWKHQXPEHU$%LQGLFDWHVDIWHUEOHHGLQJ
 


 ⾑ᾮᏛⓗࣃ࣓࣮ࣛࢱ 

 ື⬦⾑ᾮ࢞ࢫศᯒࡣࠊ⫵࡟࠾ࡅࡿ㓟⣲໬ࡸ࢞ࢫ஺᥮ᶵ⬟ࠊࡉࡽ࡟ࡣ⏕యෆࡢ㓟ሷᇶ
ᖹ⾮ࡢᣦᶆ࡜࡞ࡿࡇ࡜ࡀ▱ࡽࢀ࡚࠸ࡿࡇ࡜࠿ࡽࠊฟ⾑ᛶࢩࣙࢵࢡ᫬ࡢホ౯࡟ᗈࡃ⏝࠸
ࡽࢀ࡚࠸ࡿࠋࡑࡇ࡛ࠊ⬺⾑๓࠿ࡽ⸽⏕  ᫬㛫ᚋࡲ࡛ࡢື⬦⾑ᾮ࢞ࢫࢆ⤒᫬ⓗ࡟ホ౯ࡋ
ࡓ⤖ᯝࠊື⬦⾑㓟⣲ศᅽ  3D2 ࡜ື⬦⾑஧㓟໬Ⅳ⣲ศᅽ  3D&2 ࡣࠊ⬺⾑ᚋ࡟᭷
ព࡞ኚ໬ࡀほᐹࡉࢀࠊࢩࣙࢵࢡ࡟క࠺࿧྾ᩘቑຍ࡟ࡼࡗ࡚㐣᥮Ẽࡀ⏕ࡌࡓࡶࡢ࡜⪃࠼
ࡽࢀࡓ  )LJ D Eࠋ⸽⏕ᚋࡢ 3D&2 ࡣ඲㍺⾑⩌࡛ %DVHOLQH ࡜ྠᵝࡢࣞ࣋ࣝ࡟ᅇ᚟ࡋ
ࡓࠋ୍᪉ࠊ⸽⏕ᚋࡢ 3D2࡟ࡘ࠸࡚ࡣ 35%& ࡜ +E9 ⩌࡛ࡣ %DVHOLQH ࡜ྠ➼ࣞ࣋ࣝࡲ
࡛ᅇ᚟ࡋࠊ⸽⏕ ᫬㛫ᚋࡲ࡛⥔ᣢࡉࢀࡓࡀࠊ⸽⏕ ᫬㛫ᚋ࡟࠾ࡅࡿ 35%&⩌ࡢ 3D2
ࡣࠊ35%& ⩌࡜ẚ㍑ࡍࡿ࡜᭷ព࡟పୗࡋࡓࡇ࡜࠿ࡽࠊ35%& ᢞ୚࡛ࡣ୍᫬ⓗ࡟⫵
࡛ࡢ⾑ᾮ㓟⣲໬ࡢ୙Ⰻࢆច㉳ࡍࡿྍ⬟ᛶࡀ♧၀ࡉࢀࡓࠋ 
 ࢩࣙࢵࢡ≧ែࢆ☜ㄆࡍࡿࡓࡵ࡟⾑୰ /DFWDWHཬࡧ *OXFRVH⃰ᗘࠊሷᇶ㐣๫  %(࡟ࡘ
࠸࡚ࡶศᯒࡋࡓ࡜ࡇࢁࠊ⬺⾑ᚋ࡟ⴭࡋ࠸ኚ໬ࡀぢࡽࢀࡓࡇ࡜࠿ࡽࠊᮏ⑓ែࣔࢹ࡛ࣝࡣ
⤌⧊℺ὶࡢపୗࡸ௦ㅰᛶ࢔ࢩࢻ࣮ࢩࢫࢆకࡗࡓࢩࣙࢵࢡ≧ែ࡛࠶ࡿ࡜ุ᩿ࡉࢀࡓ 
)LJ FHࠋࡇࢀࡽࡢ್࡟ࡘ࠸࡚ࡶࠊ⸽⏕ᚋ┤ࡕ࡟ %DVHOLQH ࡜ྠ➼ࡢ್࡟ᅇ᚟ࡋࠊ⸽
⏕  ᫬㛫ᚋࡲ࡛⥔ᣢࡋ࡚࠸ࡓࡇ࡜࠿ࡽࠊࢩࣙࢵࢡ≧ែ࠿ࡽᅇ᚟ࡋ࡚࠸ࡿࡇ࡜ࡀ☜ㄆࡉ
ࢀࡓࠋ 
 ࡲࡓࠊ⾑ᾮ୰࡟༨ࡵࡿ⾑⌫ᡂศࡢయ✚๭ྜࢆ♧ࡍ࣐࣊ࢺࢡࣜࢵࢺ  +FW ࢆ ᐃࡋ
ࡓ࡜ࡇࢁࠊ඲㍺⾑⩌࡛⬺⾑ᚋ࡟᭷ព࡞పୗࡀほᐹࡉࢀࠊయෆ࠿ࡽࡢ㉥⾑⌫ࡢᾘኻࡀ☜
ㄆࡉࢀࡓ  )LJ Iࠋ⸽⏕ᚋࡢ +FW ࡣ඲㍺⾑⩌࡟࠾࠸࡚ %DVHOLQH ࡜ẚ㍑ࡍࡿ࡜పୗࡋࡓ
ࡀࠊ୰࡛ࡶ +E9 ⩌࡛ࡣ⸽⏕ᚋ࡟ⴭࡋ࠸పୗࡀ㉳ࡇࡗࡓࠋࡇࡢཎᅉ࡜ࡋ࡚ࠊ+E9 ࡣ⾑
ᾮ୰࡛ࡣ୺࡟⾑₢ศ⏬࡟ศᕸࡋ࡚࠸ࡿࡓࡵ࡛࠶ࡿ࡜⪃࠼ࡽࢀࡓࠋࡍ࡞ࢃࡕࠊ+E9 ࡢ
య✚ࡣ +FW ࡟ࡣ཯ᫎࡉࢀ࡞࠸ࡓࡵ⾑⌫ศ⏬ࡀ┦ᑐⓗ࡟ῶᑡࡋࡓ⤖ᯝࠊ+FW ࡢపୗࢆᘬ
ࡁ㉳ࡇࡍࡶࡢ࡜⪃࠼ࡽࢀࡓࠋຍ࠼࡚⯆࿡῝࠸ࡇ࡜࡟ࠊ⸽⏕  ᫬㛫ᚋࡢ +FW ࡣࠊ35%&
⩌࡟࠾࠸࡚ 35%&⩌࡜ẚ㍑ࡋ࡚᭷ព࡟పୗࡋࡓࠋࡇࢀࡣࠊ⏕యෆࡢ⪁໬㉥⾑⌫ࡣ
㏿ࡸ࠿࡟⭁⮚࡟࡚ᤕᤊࡉࢀ࡚௦ㅰࢆཷࡅࡿࡓࡵ  ࠊ35%& ࡟࠾࠸࡚ࡶࠊಖᏑ୰ࡢ
ᵓ㐀ࡢຎ໬࠿ࡽྠᵝࡢ⤒㊰࡟࡚⾑୰࠿ࡽᾘኻࡋࡓ࡜᥎ᐹࡉࢀࡓࠋ 




)LJ  &KDQJHV LQ DUWHULDO EORRG JDV SDUDPHWHUV DQG KHPDWRFULW GXULQJ DQG DIWHU
UHVXVFLWDWLRQZLWK35%&35%&RU+E9
DDUWHULDOEORRGR[\JHQ WHQVLRQ 3D2 EDUWHULDOEORRGFDUERQGLR[LGH WHQVLRQ 3D&2
F ODFWDWH G JOXFRVH H EDVH H[FHVV %( DQG I KHPDWRFULW +FW GXULQJ DQG DIWHU
KHPRUUKDJLFVKRFNDQGUHVXVFLWDWLRQZLWK35%&35%&RU+E9IRUKRXUV9DOXHVDUH
PHDQV6'Q HDFKJURXSpDQGpYVEDVHOLQHpYV35%&
JURXS p   DQG p   YV 35%& JURXS 5DWV WKDW GLHG GXULQJ WKH REVHUYDWLRQ
SHULRGZHUHH[FOXGHGIURPWKHQXPEHU$%LQGLFDWHVDIWHUEOHHGLQJ
 


 ⸽⏕ᚋࡢ⤌⧊㓟⣲໬ 

 ప㓟⣲ㄏᑟᅉᏊ  +\SR[LD LQGXFLEOH IDFWRU +,)Dࡣࠊప㓟⣲ᛂ⟅ᛶࡢࢱࣥࣃࢡ㉁
࡛࠶ࡾࠊప㓟⣲≧ែࡢ⤌⧊୰࡛㧗Ⓨ⌧ࡍࡿࢱࣥࣃࢡ㉁ ㌿෗ᅉᏊ ࡛࠶ࡿࠋࡑࡇ࡛ࠊ
ฟ⾑ᛶࢩࣙࢵࢡ࠿ࡽࡢ⸽⏕᫬㛫ᚋࡢ⫢⮚ࠊ⭈⮚ࠊ⫵࡟࠾ࡅࡿ +,)DࡢⓎ⌧ࢆ⺯ගච
␿ᰁⰍ࡟ࡼࡗ᳨࡚ฟࡍࡿࡇ࡜࡛ࠊྛࠎࡢ⸽⏕ᾮࡢ⤌⧊㓟⣲໬ࢆホ౯ࡋࡓࠋࡑࡢ⤖ᯝࠊ
VKDP ⩌࠾ࡼࡧྛ㍺⾑⩌࡟࠾࠸࡚ࠊ⫢⮚ࠊ⭈⮚ࠊ⫵࡟࠾ࡅࡿ +,)DࡢⓎ⌧ࡣࢃࡎ࠿࡛
࠶ࡗࡓ  )LJ ࠋࡇࡢ⤖ᯝࡼࡾࠊ35%& ཬࡧ 35%&ࠊ+E9 ࡣ༑ศ࡟ྛ⮚ჾ࡟㓟⣲
ࢆ౪⤥ࡋ࡚࠸ࡿ࡜⪃࠼ࡽࢀࡓࠋ 


)LJ,PPXQRORJLFDOVWDLQLQJRI+,)D 
+,)D VWDLQLQJ IRU HYDOXDWLRQ RI WLVVXH R[\JHQDWLRQ LQ OLYHU XSSHU NLGQH\ PLGGOH DQG
OXQJORZHUDWKRXUVDIWHUUHVXVFLWDWLRQZLWK35%&35%&RU+E9,PPXQRIOXRUHVFHQW
LPDJHVLQGLFDWHG+,)DUHGDQGQXFOHLEOXH'$3,
 


➨⠇ 㛗ᮇಖᏑ +E9 ࡢ⮚ჾ㞀ᐖᛶ 

 ⫢ᶵ⬟࠾ࡼࡧ⫢⤌⧊㞀ᐖᛶ 

 ⫢ᶵ⬟࣐࣮࣮࡛࢝࠶ࡿ࢔ࢫࣃࣛࢠࣥ㓟࢔࣑ࣀᇶ㌿⛣㓝⣲  $67࠾ࡼࡧ࢔ࣛࢽࣥ࢔
࣑ࣀᇶ㌿⛣㓝⣲  $/7ࡢ⾑୰άᛶࢆࡑࢀࡒࢀ ᐃࡋࡓ⤖ᯝࠊ㍺⾑⩌඲࡚࡟࠾࠸࡚ฟ
⾑ᛶࢩࣙࢵࢡច㉳๓࡜ẚ㍑ࡍࡿ࡜⸽⏕  ᫬㛫ᚋ࡟ⴭࡋ࠸ቑຍࡀぢࡽࢀࡓࡶࡢࡢࠊ ⩌
㛫࡛᭷ព࡞ᕪࡣㄆࡵࡽࢀ࡞࠿ࡗࡓ  )LJDEࠋࡑࡇ࡛ࠊ⫢⮚ࡢ⤌⧊⑓⌮Ꮫⓗ࡞ホ౯ࢆ
⾜࠺࡭ࡃࠊ⸽⏕  ᫬㛫ᚋࡢ⫢⮚ࢆ࣐࣊ࢺ࢟ࢩ࣭࢚ࣜࣥ࢜ࢩࣥ  +(ᰁⰍࢆ⾜࠸ࠊࡑࡢ
ᰁⰍീࢆほᐹࡋࡓࠋࡑࡢ⤖ᯝࠊ࡝ࡢ㍺⾑⩌࡟ࡶ⃭ࡋ࠸㞀ᐖࢆ♧ࡍᡤぢࡣぢࡽࢀ࡞࠿ࡗ
ࡓ  )LJ Fࠋ௨ୖࡼࡾࠊ35%&ࠊ35%&ࠊ+E9 ࡢ࠸ࡎࢀࢆ㍺⾑ࡋࡓሙྜ࡛ࡶ⫢㞀
ᐖࢆច㉳ࡍࡿࡶࡢࡢࠊࡑࡢ㞀ᐖࡣ㍍ᗘ࠿ࡘ୍᫬ⓗ࡞⌧㇟࡛࠶ࡿ࡜⪃࠼ࡽࢀࡓࠋ 



)LJ  (YDOXDWLRQ RI KHSDWLF LQMXU\ DIWHU KHPRUUKDJLF VKRFN DQG UHVXVFLWDWLRQ ZLWK
35%&35%&RU+E9
D$VSDUWDWHDPLQRWUDQVIHUDVH$67DQGEDODQLQHDPLQRWUDQVIHUDVH$/7FRQFHQWUDWLRQV
EHIRUHKHPRUUKDJHDQGDWKRXUVDIWHUUHVXVFLWDWLRQZLWK35%&35%&RU+E99DOXHV
DUH PHDQV  6' Q    HDFK JURXS p   DQG p   YV EHIRUH KHPRUUKDJH F
+LVWRSDWKRORJ\RIOLYHUDWKRXUVDIWHUUHVXVFLWDWLRQZLWK35%&35%&RU+E97LVVXH
VHFWLRQVZHUHVWDLQHGZLWKKHPDWR[\OLQDQGHRVLQ6FDOHEDU P 


 ⭈ᶵ⬟࠾ࡼࡧ⭈⤌⧊㞀ᐖᛶ 

 ⾑ᾮᒀ⣲❅⣲  %81 ࡸ⾑Ύࢡࣞ࢔ࢳࢽࣥ  &5( ࡣ⭈ᶵ⬟࣐࣮࣮࢝࡜ࡋ࡚▱ࡽࢀ
࡚࠸ࡿࡓࡵࠊฟ⾑ᛶࢩࣙࢵࢡ๓࠾ࡼࡧ⸽⏕  ᫬㛫ᚋࡢ %81 ࡜ &5( ࢆࡑࢀࡒࢀホ౯ࡋ
ࡓࠋࡑࡢ⤖ᯝࠊ࠸ࡎࢀࡢ㡯┠ࡶࢃࡎ࠿࡞ኚ໬ࡣぢࡽࢀࡿࡶࡢࡢࠊṇᖖ್ࡢ⠊ᅖෆࢆ᥎
⛣ࡋࡓ  )LJDEࠋࡲࡓࠊ⸽⏕  ᫬㛫ᚋࡢ⭈⮚ࡢ +( ᰁⰍീࢆほᐹࡋ࡚ࡶ⤌⧊⑓⌮Ꮫ
ⓗ␗ᖖࡢᡤぢࡣぢࡽࢀ࡞࠿ࡗࡓࡇ࡜࠿ࡽࠊྛ㍺⾑࡟ࡼࡿ⸽⏕ࡀ⭈⮚ࡢᶵ⬟࡟୚࠼ࡿᙳ
㡪ࡣᑡ࡞ࡃࠊ⭈㞀ᐖᛶࢆ♧ࡉ࡞࠸࡜⪃࠼ࡽࢀࡓࠋ 



)LJ(YDOXDWLRQRIUHQDOLQMXU\DIWHUKHPRUUKDJLFVKRFNDQGUHVXVFLWDWLRQZLWK35%&
35%&RU+E9
D %ORRG XUHD QLWURJHQ %81 DQG E VHUXP FUHDWLQLQH &5( FRQFHQWUDWLRQV EHIRUH
KHPRUUKDJH DQG DW  KRXU DIWHU UHVXVFLWDWLRQ ZLWK 35%& 35%& RU +E9 9DOXHV DUH
PHDQV6'Q HDFKJURXSpYVEHIRUHKHPRUUKDJHF+LVWRSDWKRORJ\RINLGQH\
DW  KRXUV DIWHU UHVXVFLWDWLRQZLWK35%&35%& RU+E97LVVXH VHFWLRQV VWDLQHGZLWK
KHPDWR[\OLQDQGHRVLQ6FDOHEDU P

 ⫵Ỉ⭘࠾ࡼࡧ⫵⤌⧊㞀ᐖᛶ 

 ⫵ࡣ㍺⾑࡟ࡼࡿ๪స⏝ࢆཷࡅࡸࡍ࠸⮚ჾ࡛࠶ࡿࡇ࡜࡟ຍ࠼࡚ࠊእയᛶࢩࣙࢵࢡࡸ኱
㔞㍺⾑ࡣᛴᛶ⫵㞀ᐖ  $/,ࡸᛴᛶ࿧྾❓㏕⑕ೃ⩌  $5'6 ࡢࣜࢫࢡᅉᏊ࡜ࡋ࡚▱ࡽ


ࢀ࡚࠸ࡿ  ࠋࡉࡽ࡟ࠊ㍺⾑ᚋࡢ㔜⠜࡞๪స⏝࡜ࡋ࡚▱ࡽࢀ࡚࠸ࡿ 75$/, ࡣࠊ୍⯡࡟
㍺⾑  ᫬㛫௨ෆࡢ᪩ᮇ࡟Ⓨ⑕ࡍࡿࡇ࡜ࢆ≉ᚩ࡜ࡍࡿ  ࠋࡑࡇ࡛ࠊྛ⸽⏕ᾮࡢ⫵࡬ࡢ
ᙳ㡪࡟ࡘ࠸࡚ホ౯ࡍࡿࡓࡵ࡟ࠊ⸽⏕ ᫬㛫ᚋ࡟࠾ࡅࡿẼ⟶ᨭ⫵⬊Ὑίᾮ  %$/)୰࡬
ࡢ࢚ࣂࣥࢫࣈ࣮ࣝⰍ⣲  (%'₃ฟᗘཬࡧ %$/) ୰ࢱࣥࣃࢡ㔞࡟ࡘ࠸࡚ホ౯ࡋࡓࠋࡑ
ࡢ⤖ᯝࠊ࠸ࡎࢀࡢ್ࡶࠊ35%&⩌࡜ẚ࡭࡚ 35%&⩌࡛ࡣ᭷ព࡟ቑຍࡋࡓ  )LJD
Eࠋࡑࡢ୍᪉࡛ࠊ+E9 ⩌࡟࠾࠸࡚ࡣ (%' ₃ฟᗘཬࡧ %$/) ୰ࢱࣥࣃࢡ㔞ࡢቑຍࡣぢ
ࡽࢀࡎࠊ35%& ⩌࡜ྠ⛬ᗘࡢ್ࢆ♧ࡋࡓࠋࡉࡽ࡟ࠊ⫵Ỉ⭘ࢆホ౯ࡍࡿᣦᶆ࡜ࡋ࡚ࠊ
᥇ྲྀࡋࡓᕥ⫵ࡢ :HW'U\㔜㔞ẚࢆ⟬ฟࡋࡓ࡜ࡇࢁࠊ35%&⩌࡟࠾࠸࡚ࡣ௚ࡢ⩌ࡼࡾ
ࡶ㔜㔞ẚࡀ㧗್ࢆ♧ࡋࡓࠋࡇࡢ⤖ᯝ࡜ࡣᑐ↷ⓗ࡟ࠊ+E9 ⩌ࡣ VKDP ⩌ࡸ 35%& ⩌࡜
ྠ➼ࡢ㔜㔞ẚ࡛࠶ࡗࡓ  )LJFࠋ 


)LJ  (YDOXDWLRQ RI SXOPRQDU\ HGHPD
DIWHU KHPRUUKDJLF VKRFN DQG UHVXVFLWDWLRQ
ZLWK 35%& 35%& RU +E9 D
3HUFHQWDJHRI(YDQV%OXH(%'OHDNDJHLQWR
EURQFKRDOYHRODU ODYDJH IOXLG %$/) E
SURWHLQ FRQFHQWUDWLRQ LQ %$/) DQG F OXQJ
ZHWGU\ ZHLJKW UDWLR DW  KRXUV DIWHU
UHVXVFLWDWLRQZLWK35%&35%&RU+E9
3HUFHQW (%' OHDNDJH LQWR %$/) DUH FDOFXODWHG DV >(%' FRQFHQWUDWLRQ LQ %$/)@>(%'
FRQFHQWUDWLRQLQSODVPDKRXUVDIWHUWUDQVIXVLRQ@î9DOXHVDUHPHDQV6'Q HDFK
JURXSppYV35%&JURXSppYV35%&JURXS 

 ࡉࡽ࡟ࠊ⸽⏕  ᫬㛫ᚋࡢ⫵⤌⧊ࡢ +( ᰁⰍࢆ⾜࠸ࠊࡑࡢᰁⰍീࢆほᐹࡋࡓ࡜ࡇࢁࠊ
35%&⩌࡛ࡣ㍍ᗘࡢ⤌⧊㞀ᐖࢆ♧ࡋࡓࡀࠊ35%&࠾ࡼࡧ +E9⩌࡛ࡣ㞀ᐖീࡣほᐹ
ࡉࢀ࡞࠿ࡗࡓ  )LJ DࠋࡇࡢᡤぢࡣࠊᰁⰍീࡢ⤌⧊⑓⌮Ꮫⓗ࡞㞀ᐖ㔜⑕ᗘࡢࢫࢥ࢔


ࣜࣥࢢ࡟ࡼࡿᐃ㔞ⓗホ౯࡟ࡼࡗ࡚ࡶ⿬௜ࡅࡽࢀࡓ  )LJ Eࠋ௨ୖࡢ⤖ᯝࡼࡾࠊ+E9
ࡣ㛗ᮇಖᏑࡋࡓ〇๣ࢆᢞ୚ࡋ࡚ࡶࠊಖᏑ㉥⾑⌫㍺⾑᫬࡟ច㉳ࡉࢀࡓ⫵Ỉ⭘ࢆక࠺⫵㞀
ᐖࢆㄏⓎࡏࡎࠊ㛗ᮇಖᏑ +E9 〇๣ࡀ⫵࡟୚࠼ࡿ₯ᅾⓗ࡞㞀ᐖᛶࡣ᪂㩭㉥⾑⌫㍺⾑࡜
ྠ⛬ᗘ࡟ప࠸࡜⪃࠼ࡽࢀࡓࠋ 



)LJ(YDOXDWLRQRIOXQJLQMXU\DIWHUKHPRUUKDJLFVKRFNDQGUHVXVFLWDWLRQZLWK35%&
35%&RU+E9
D +LVWRSDWKRORJ\ RI OXQJ DW  KRXUV DIWHU UHVXVFLWDWLRQ ZLWK 35%& 35%& RU +E9
7LVVXHVHFWLRQVZHUHVWDLQHGZLWKKHPDWR[\OLQDQGHRVLQ6FDOHEDU PE&KDQJHVLQ
OXQJ KLVWRSDWKRORJ\ VFRUH DW  KRXUV DIWHU UHVXVFLWDWLRQ ZLWK 35%& 35%& RU +E9
5DQGRPO\ VHOHFWHG WKLUW\DUHDVRI OXQJ VHFWLRQVZHUHJUDGHGRQD VFDOHRI±DFFRUGLQJ WR
IRXUSDUDPHWHUVFRQJHVWLRQHGHPDKHPRUUKDJHDQGLQIODPPDWLRQFHOOXODULQILOWUDWLRQDQG
WKHYDOXH DUH H[SUHVVHG DV WKH VXPRI WKH LQGLYLGXDO VFRUHVRI WKHVH SDUDPHWHUV9DOXHV DUH
PHDQV6'Q HDFKJURXSpYV35%&JURXSpYV35%&JURXS
 


 ⫵⤌⧊ࡢዲ୰⌫㞟✚ᛶ࠾ࡼࡧ㓟໬㞀ᐖᛶ 

 ዲ୰⌫ࡢᾐ₶ࡣ⤌⧊㞀ᐖࡸ⅖⑕࡟㛵୚ࡋࠊ⾑⟶㏱㐣ᛶࡢஹ㐍࡟క࠺ᾋ⭘ࢆᘬࡁ㉳ࡇ
ࡍࡇ࡜ࡣྂࡃ࠿ࡽ▱ࡽࢀ࡚࠾ࡾ  ࠊ$/,ࡸ $5'6ࠊ75$/,ࡣࠊ⫵࡟㞟✚ࡋࡓዲ୰⌫ࡢ
άᛶ໬࡟క࠺⤌⧊㞀ᐖࡀࡑࡢⓎ⑕࡟㛵୚ࡍࡿࡇ࡜ࡀ♧၀ࡉࢀ࡚࠸ࡿ  ࠋ஦ᐇࠊዲ
୰⌫ࡢ㞀ᐖᅉᏊࡢ  ࡘ࡛࠶ࡿዲ୰⌫࢚ࣛࢫࢱ࣮ࢮࡢ㜼ᐖ⸆࡛࠶ࡿࢩ࣋ࣞࢫࢱࢵࢺࡀ⫵
㞀ᐖࢆ㍍ῶࡍࡿሗ࿌ࡀ࡞ࡉࢀ࡚࠾ࡾ  ࠊ᪥ᮏ࡟࠾࠸࡚ࡣࠕ඲㌟ᛶ⅖⑕཯ᛂ⑕ೃ⩌
࡟క࠺ᛴᛶ⫵㞀ᐖࡢᨵၿࠖ࡟ᑐࡋ࡚་⸆ရ࡜ࡋ࡚ᢎㄆࡉࢀ࡚࠸ࡿࠋࡑࡇ࡛ࠊྛ⸽⏕ᾮ
࡛⸽⏕ᚋ  ᫬㛫ࡢ⫵࡟࠾ࡅࡿዲ୰⌫㞟✚ᛶࢆホ౯ࡍࡿࡓࡵࠊዲ୰⌫࡟㇏ᐩ࡟Ꮡᅾࡍࡿ
㓝⣲࡛࠶ࡿ࣑࢚ࣟ࣌ࣝ࢜࢟ࢩࢲ࣮ࢮ  032 ࡢ⺯ගච␿ᰁⰍࢆ⾜ࡗࡓࠋࡑࡢ⤖ᯝࠊ
35%& ⩌࡟࠾࠸࡚ࡣ௚⩌࡜ẚ㍑ࡋ࡚ 032 ࡟⏤᮶ࡍࡿᙉ࠸⺯ගࡀほᐹࡉࢀࡓ  )LJ
D Fࠋ୍᪉ࠊ+E9 ⩌࡟࠾࠸࡚ࡣࠊVKDP ⩌࡜ẚ㍑ࡍࡿ࡜ⱝᖸࡢ 032 ࡢ⵳✚ࡀぢࡽࢀ
ࡓࡶࡢࡢࠊࡑࡢ⛬ᗘࡣ 35%& ⩌࡜㢮ఝࡋ࡚࠸ࡓ  )LJDFࠋ 
 ዲ୰⌫ࡢάᛶ໬࡟క࠺⤌⧊㞀ᐖᅉᏊࡢ  ࡘ࡜ࡋ࡚ࠊ୍㔜㡯㓟⣲ࡸḟளሷ⣲㓟࢖࢜ࣥ
➼ࡢάᛶ㓟⣲✀  526ࡢ㛵୚ࡀ▱ࡽࢀ࡚࠸ࡿࡇ࡜࠿ࡽࠊࢾࢡࣞ࢜ࢳࢻ࡟ᑐࡍࡿ㓟໬
ࢫࢺࣞࢫ࣐࣮࣮࢝࡜ࡋ࡚⏝࠸ࡽࢀ࡚࠸ࡿ K\GUR[\ƍGHR[\JXDQRVLQH 2+G*ࡢ⺯
ගච␿ᰁⰍࢆ⾜ࡗࡓࠋࡑࡢ⤖ᯝࠊ032 ࡢ⤖ᯝ࡜ᑐᛂࡍࡿࡼ࠺࡟ 35%& ⩌࡟࠾࠸࡚
ࡣ௚⩌࡜ẚ㍑ࡋ࡚ 2+G* ࡟⏤᮶ࡍࡿᙉ࠸⺯ගࢆ♧ࡋࡓࡶࡢࡢࠊ35%& ⩌࠾ࡼࡧ
+E9 ⩌࡛ࡣ 2+G* ࡢ⵳✚ࡣᢚไࡉࢀ࡚࠸ࡓ  )LJEGࠋ 
 ௨ୖࡢ⤖ᯝࡼࡾࠊಖᏑ㉥⾑⌫ᢞ୚᫬࡟ほᐹࡉࢀࡓ⫵Ỉ⭘ࢆక࠺⫵⤌⧊㞀ᐖࡣࠊࡑࡢ
୍ᅉ࡜ࡋ࡚ዲ୰⌫ࡢ⵳✚࡜⥆Ⓨࡍࡿ㓟໬㞀ᐖࡀ㛵୚ࡍࡿྍ⬟ᛶࡀ♧၀ࡉࢀࡓࠋࡇࢀ࡜
ࡣᑐ↷ⓗ࡟ࠊ㛗ᮇಖᏑ +E9 ᢞ୚ࡣ᪂㩭㉥⾑⌫ᢞ୚࡜ྠᵝ࡟ࠊ⫵࡟࠾ࡅࡿዲ୰⌫ࡢ㞟
✚ᛶࢆᢚไࡋࠊࡑࡢ⤖ᯝ࡜ࡋ࡚⫵࡬ࡢᝏᙳ㡪ࡀᑠࡉ࠸࡜⪃࠼ࡽࢀࡓࠋ 
 




)LJ,PPXQRORJLFDOVWDLQLQJRIOXQJVHFWLRQV
,PPXQRVWDLQLQJ RI D P\HORSHUR[LGDVH 032 XSSHU QXFOHL '$3, PLGGOH DQG PHUJHG
LPDJHV ORZHU IRU HYDOXDWLRQ RI QHXWURSKLOV DFFXPXODWLRQ DQG E K\GUR[\ƍ
GHR[\JXDQRVLQH 2+G* VWDLQLQJ IRU HYDOXDWLRQ RI R[LGDWLYH VWUHVV RI QXFOHLF DFLG LQ WKH
OXQJ DW  KRXUV DIWHU UHVXVFLWDWLRQ ZLWK 35%& 35%& RU +E9 ,PDJH DQDO\VLV RI WKH
H[WHQWDQGLQWHQVLW\RIF032DQGG2+G*9DOXHVDUHPHDQV6'Q HDFKJURXS
pYV35%&JURXSpYV35%&JURXS
 


➨⠇ ⪃ᐹ 

 ฟ⾑ࡸᡭ⾡ࠊ⑌ᝈ᫬࡟࠾ࡅࡿ㉥⾑⌫〇๣ࡢ᭷⏝ᛶࡣ␲࠸࡞ࡃࠊ㉥⾑⌫㍺⾑ࡀࡇࢀࡲ
࡛࡟ከࡃࡢே࿨ࢆຓࡅ࡚ࡁࡓࡇ࡜ࡣゝ࠺ࡲ࡛ࡶ࡞࠸ࠋࡋ࠿ࡋ࡞ࡀࡽࠊ㉥⾑⌫〇๣ࡣࡑ
ࡢ᭷ຠᮇ㝈ࡢ▷ࡉ࠿ࡽࠊ⾑ᾮ㟂せ㐕㏕᫬ࡸ㐲㝸ᆅ࡬ࡢ⾑ᾮ౪⤥࡟ࡣ㝈⏺ࡀ࠶ࡿࠋ஦ᐇࠊ
⌧ᅾࡢᡃࡀᅜࡢ㞳ᓥࡸൢᆅ࡟࠾࠸࡚ࠊ⾑ᾮ〇๣ࡢධᡭࡀᅔ㞴࡞㉸⥭ᛴ᫬࡟⏕⾑㍺⾑ 
㝔ෆ⾑㍺⾑ࡀ⾜ࢃࢀ࡚࠸ࡿࠋࡇࡢࡼ࠺࡞ሙྜࠊ㍺⾑ᚋ *9+' ࡸᱵẘࠊ% ᆺ⫢⅖ࢆ
ึࡵ࡜ࡋࡓឤᰁ⑕➼ࡢ₯ᅾⓗ࡞㍺⾑஦ᨾࡢ༴㝤ᛶࡣ㏻ᖖ㍺⾑᫬࡜ẚ㍑ࡋ࡚᱁ẁ࡟㧗⋡
࡜࡞ࡿࠋࡑࡢࡓࡵࠊ㉥⾑⌫〇๣ࡢ㛗ᮇಖᏑࢆྍ⬟࡟ࡍ࡭ࡃᵝࠎ࡞ᇶ♏◊✲ࡀ⾜ࢃࢀ࡚
࠸ࡿࡀࠊ⌧௦ࡢ⛉Ꮫᢏ⾡࡛ࡣ⌧≧ࢆ㉺࠼ࡿ㉥⾑⌫ࡢ᭷ຠᮇ㝈ࡢᘏ㛗ࡣᐇ⌧࡛ࡁ࡚࠸࡞
࠸ࠋ㉥⾑⌫௦᭰≀ࡣୖ㏙ࡋࡓ㉥⾑⌫〇๣ࡢၥ㢟ࢆ⿵᏶࡛ࡁࡿ་⸆ရ࡜ࡋ࡚ὀ┠ࡉࢀ࡚
࠸ࡿࠋேᕤ㓟⣲㐠ᦙయ࡜ࡋ࡚◊✲㛤Ⓨࡀ㐍ࡵࡽࢀ࡚࠸ࡿ +E9 ࡟࠾࠸࡚ࡣࠊ in vitro Ᏻ
ᐃᛶヨ㦂ࡢ⤖ᯝ࠿ࡽࠊᐊ ࣭ᾮయ᮲௳ୗ࡛ᑡ࡞ࡃ࡜ࡶ  ᖺ㛫௨ୖࡢಖᏑ࡟⪏࠼࠺ࡿྍ
⬟ᛶࡀ♧ࡉࢀ࡚࠾ࡾࠊ㛗ᮇಖᏑྍ⬟࡞ேᕤ㉥⾑⌫࡜ࡋ࡚⮫ᗋᛂ⏝ࡀᮇᚅࡉࢀࡿࠋࡋ࠿
ࡋ࡞ࡀࡽࠊ⣙ ୓ಶࡢ +E࡜ඹ࡟ᵝࠎ࡞⿵ᅉᏊࢆ࣏ࣜࢯ࣮࣒࡟ෆໟࡋࡓ +E9ࡣ〇๣ⓗ
࡟」㞧࡞ᙧែ࡛࠶ࡾࠊࡑࡢ≀⌮໬ᏛⓗᏳᐃᛶࡢ⤖ᯝ࠿ࡽ㓟⣲㐠ᦙయ࡜ࡋ࡚ࡢᶵ⬟ࢆຊ
౯ⓗ࡟ホ౯ࡍࡿࡇ࡜ࡣᅔ㞴࡛࠶ࡿࡓࡵࠊ㛗ᮇಖᏑ +E9〇๣ࡢ᭷ຠᛶ࡜Ᏻ඲ᛶࢆ in vivo
࡟࠾࠸࡚ᐇドࡍࡿࡇ࡜ࡣᚲせ୙ྍḞࡔ࡜⪃࠼ࡽࢀࡿࠋࡑࡇ࡛ࠊ+E9 ࡀ⮫ᗋ౑⏝ࡉࢀ
ࡿ㝿࡟᭱ࡶ㟂せࡀ㧗࠸࡜᝿ᐃࡉࢀࡿฟ⾑ᛶࢩࣙࢵࢡ⑓ែࣔࢹࣝ࡟ᑐࡋ࡚㛗ᮇಖᏑ
+E9 〇๣ࢆᢞ୚ࡋࠊ⸽⏕ຠᯝࡢᣦᶆ࠿ࡽ㓟⣲㐠ᦙయ࡜ࡋ࡚ࡢ᭷ຠᛶࢆࠊ⮚ჾ㞀ᐖᛶ
ࡢほⅬ࠿ࡽᏳ඲ᛶࢆホ౯ࡋࡓࠋࡲࡓࠊ㛗ᮇಖᏑ +E9 〇๣ࡀ᪤Ꮡࡢ㉥⾑⌫〇๣࡜ྠ⛬
ᗘࡢ⸽⏕ຠᯝࢆⓎ᥹ࡍࡿ࠿ࢆホ౯ࡍࡿࡓࡵ࡟ࠊ㛗ᮇಖᏑ +E9 ᢞ୚⩌ࡢ࡯࠿ࠊ᪤Ꮡࡢ
㉥⾑⌫〇๣࡜ࡋ࡚᪂㩭 35%& ᢞ୚⩌࡟ຍ࠼ࡓࠋࡉࡽ࡟ࠊฟ⾑ᛶࢩࣙࢵࢡࣛࢵࢺ࡟ᑐࡋ
࡚㛗ᮇ࡟ࢃࡓࡾಖᏑࡉࢀࡓ㉥⾑⌫ࢆᢞ୚ࡍࡿ࡜ࠊࣄࢺ࡜ྠᵝ࡟⏕Ꮡ⋡ࡸ⸽⏕ຠᯝ࡟ᝏ
ᙳ㡪ࢆཬࡰࡍ࡜ሗ࿌ࡀ࠶ࡿ  ࠋࡑࡇ࡛ࠊ㛗ᮇಖᏑ +E9 〇๣ࡀ㛗ᮇಖᏑ㉥⾑⌫ᢞ୚᫬
࡟᝿ᐃࡉࢀࡿ᭷ᐖ஦㇟ࢆᘬࡁ㉳ࡇࡍ࠿ྰ࠿ࢆホ౯ࡍࡿࡓࡵ࡟ࠊ㐣ᗘࡢಖᏑ࡟ࡼࡾရ㉁
ᛶࡀᦆ࡞ࢃࢀࡓ㉥⾑⌫࡜ࡋ࡚  ᪥ಖᏑ 35%& ᢞ୚ࢆ⾜࠺⩌ࢆタᐃࡋࡓࠋࣛࢵࢺ㉥⾑
⌫ࡣࣄࢺ㉥⾑⌫࡜ẚ㍑ࡍࡿ࡜ᵓ㐀࣭ᶵ⬟ⓗᑑ࿨ࡀ▷ࡃࠊࣛࢵࢺ㉥⾑⌫ࡢ  ᪥ಖᏑࡣࣄ
ࢺ㉥⾑⌫ࡢ  ᪥ಖᏑ࡜ྠ⛬ᗘࡢຎ໬ࢆ♧ࡍࡇ࡜ࡀ♧ࡉࢀ࡚࠾ࡾ  ࠊᮏᐇ㦂࡛⏝࠸ࡓ
35%& ࡣ㐣๫࡞ຎ໬ࡀ㐍⾜ࡋ࡚࠸ࡿ㉥⾑⌫〇๣࡛࠶ࡿ࡜⪃࠼ࡽࢀࡿࠋ 
 ᮏᐇ㦂ࢆᐇ᪋ࡍࡿ࡟࠶ࡓࡾࠊฟ⾑ᛶࢩࣙࢵࢡࣔࢹࣝࡢጇᙜᛶࡣ◊✲ࡢ᰿ᖿࢆᢸ࠺ࠋ
௒ᅇࠊࣛࢵࢺ࠿ࡽ඲⾑ᾮ㔞ࡢ ࢆ⬺⾑ࡋࡓ࡜ࡇࢁࠊ0$3 ࡣ PP+J ௨ୗ࡟పୗࡋ


ࡓ࡯࠿  )LJDࠊ⾑୰ /DFWDWH ࡢⴭࡋ࠸ቑຍࡸࠊ%( ࡢ㈇࡬ࡢ೫ࡾ➼ࡢ⾑ᾮ࢞ࢫࣃ࣓ࣛ
࣮ࢱࡢኚ໬ࡀ㉳ࡇࡗࡓ  )LJ DHࠋࡇࢀࡽࡢ್ࡣ௦ㅰᛶ࢔ࢩࢻ࣮ࢩࢫࢆక࠺ࢩࣙࢵࢡ
≧ែࢆ♧ࡍࡶࡢ࡛࠶ࡾࠊᮏᐇ㦂ࣔࢹࣝࡣฟ⾑ᛶࢩࣙࢵࢡ⑓ែࢆ㐺ษ࡟෌⌧ࡋ࡚࠸ࡿ࡜
⪃࠼ࡽࢀࡿࠋࡑࡇ࡛ࠊࡇࡢฟ⾑ᛶࢩࣙࢵࢡࣔࢹࣝࣛࢵࢺ࡟ᑐࡋ࡚㛗ᮇಖᏑ +E9 ࢆ㍺
⾑ࡋࠊࡑࡢ᭷ຠᛶ  ⸽⏕ຠᯝ  ࢆホ౯ࡋࡓ࡜ࡇࢁࠊࢩࣙࢵࢡ࡟కࡗ࡚ኚ໬ࡋࡓ 0$3
ࡸ⾑ᾮ࢞ࢫࣃ࣓࣮ࣛࢱࡣᢞ୚⤊஢ᚋ㏿ࡸ࠿࡟⬺⾑๓ࡢ್ࡲ࡛ᅇ᚟ࡋࡓ  )LJDࠋࡇࡢ
⤖ᯝࡣ᪂㩭㉥⾑⌫࡟ࡼࡿ⸽⏕᫬࡜ྠᵝࡢഴྥࢆ♧ࡋࡓࠋࡋ࠿ࡋ࡞ࡀࡽࠊ+E9 ࡟ࡼࡿ
⸽⏕  ᫬㛫ᚋࡢ 0$3 ࡟ⱝᖸࡢపୗࡀほᐹࡉࢀࡓ  )LJ Dࠋࡇࡢཎᅉࡢヲ⣽ࡣ୙࡛᫂
࠶ࡿࡀࠊ+E9 ࡣᢞ୚ᚋ࡟⭁⮚࣐ࢡࣟࣇ࢓࣮ࢪࡸ⫢⮚ࢡࢵࣃ࣮⣽⬊➼ࡢ⣽⥙ෆ⓶⣔⣽
⬊࡟ᚎࠎ࡟ᤕᤊࡉࢀࡿࡇ࡜ࡀ▱ࡽࢀ࡚࠸ࡿࡇ࡜࠿ࡽ  ࠊᮏᐇ㦂࡟࠾࠸࡚ࡶᢞ୚ࡉ
ࢀࡓ +E9 ࡀ⣽⥙ෆ⓶⣔⣽⬊࡟࡚㈎㣗ࡉࢀࠊ⾑୰ࢆᚠ⎔ࡍࡿ +E9 ࡀῶᑡࡋࡓࡇ࡜ࡀ୍
ᅉ࡛ࡣ࡞࠸࠿࡜᥎ᐹࡉࢀࡿࠋࡇࡢ୍᪉࡛ࠊ⾑ᾮ࢞ࢫࣃ࣓࣮ࣛࢱࡣ +E9 ᢞ୚  ᫬㛫ᚋ
ࡲ࡛ṇᖖ್ࢆ⥔ᣢࡋ࡚࠸ࡓⅬ  )LJDHࠊ⏕Ꮡ⋡ࡣ㍺⾑ ⩌㛫࡛᭱ࡶ㧗࠿ࡗࡓⅬ  )LJ
ࠊ୺せ⮚ჾ࡬ࡢ +,)DⓎ⌧㔞ࡀࢃࡎ࠿࡛࠶ࡗࡓⅬ  )LJ ࢆ⥲ྜⓗ࡟⪃៖ࡍࡿ࡜ࠊ
㛗ᮇಖᏑ +E9 ࡣ᪂㩭㉥⾑⌫࡜ྠ➼ࡢ⸽⏕ຠᯝࢆ᭷ࡍࡿ㉥⾑⌫௦᭰≀࡛࠶ࡿ࡜⪃࠼ࡽ
ࢀࡿࠋ 
 ḟ࡟ࠊ㛗ᮇಖᏑ +E9 ࡟ࡼࡿ⸽⏕  ᫬㛫ᚋࡢ⭈⮚ࠊ⫢⮚ࠊ⫵ࡢ㞀ᐖᗘࢆほᐹࡍࡿࡇ
࡜࡛ࠊࡑࡢᏳ඲ᛶࢆホ౯ࡋࡓࠋ⭈⮚࡟࠾࠸࡚ࡣ⸽⏕๓ᚋ࡛≉➹ࡍ࡭ࡁኚ໬ࡣ㉳ࡇࡽ࡞
࠿ࡗࡓ  )LJ ࠋࡑࡢ୍᪉࡛ࠊ⫢ᶵ⬟࣐࣮࣮࡛࢝࠶ࡿ $67 ࠾ࡼࡧ $/7 ࡣ +E9 ㍺⾑ 
᫬㛫ᚋ࡟ⴭࡋࡃቑຍࡋࠊ㉥⾑⌫㍺⾑᫬࡟ࡶྠᵝࡢ⌧㇟ࡀច㉳ࡉࢀࡓ  )LJDEࠋ⹫⾑
≧ែ࡟࠶ࡿ⤌⧊ࡀ෌㓟⣲໬ࡉࢀࡿ࡜ࠊ526 ➼ࡢ⏘⏕ࡀቑ኱ࡋ࡚⹫⾑෌℺ὶ㞀ᐖࢆច
㉳ࡍࡿࡇ࡜ࡀⰋࡃ▱ࡽࢀ࡚࠸ࡿ  ࠋࡇࢀࡲ࡛࡟⾜ࢃࢀࡓฟ⾑ᛶࢩࣙࢵࢡࣔࢹࣝື≀
ࢆ⏝࠸ࡓ᳨ウ࡛ࡣࠊ⸽⏕࡟㝿ࡋ࡚㉥⾑⌫ࡸேᕤ㉥⾑⌫ࢆ㍺⾑ࡍࡿ⩌࡜ẚ㍑ࡍࡿ࡜ࠊࡑ
ࢀࡽࢆྵࡲ࡞࠸㍺ᾮࡢࡳࢆᢞ୚ࡍࡿ⩌ࡢ᪉ࡀ⫢㞀ᐖࢆ㍍ῶࡍࡿࡇ࡜ࡀሗ࿌ࡉࢀ࡚࠸ࡿ 
ࠋᚑࡗ࡚ᮏᐇ㦂࡟࠾࠸࡚ࡶࠊ㉥⾑⌫࠶ࡿ࠸ࡣ +E9㍺⾑ࡀࠊ኱㔞ฟ⾑࡟క࠸⹫⾑≧
ែ࡟㝗ࡗࡓ⮚ჾ࡟ᑐࡋ࡚㓟⣲ࢆ㇏ᐩ࡟ྵࡴ⾑ὶࢆ෌㛤ࡉࡏࡓ⤖ᯝࠊ⫢⮚ࡢᛴ⃭࡞㓟⣲
໬࡟క࠺⹫⾑෌℺ὶ㞀ᐖࢆᘬࡁ㉳ࡇࡋࡓ࡜⪃࠼ࡽࢀࡿࠋࡇࡢ⌧㇟ࡣࠊ㛗ᮇಖᏑ +E9
ࡀ㉥⾑⌫㍺⾑࡜ྠᵝ࡟⤌⧊࡟ᑐࡋ࡚㓟⣲ࢆ౪⤥ࡋ࡚࠸ࡿࡇ࡜ࢆ㛫᥋ⓗ࡟♧ࡋ࡚࠸ࡿ࡜
ࡶ⪃࠼ࡽࢀࡿࠋᐇ㝿࡟ప㓟⣲࣐࣮࣮࡛࢝࠶ࡿ +,)D࡟ࡼࡿ⤌⧊㓟⣲໬ࡢホ౯࡟࠾࠸
࡚⫢⮚୰ +,)DࡢⓎ⌧ࡀ㠀ᖖ࡟ᑡ࡞࠿ࡗࡓࡇ࡜ࡶࡇࢀࢆᨭᣢࡋ࡚࠸ࡿ  )LJ ࠋࡇࡢ
ࡼ࠺࡟ࠊ㛗ᮇಖᏑ +E9㍺⾑࡟ࡼࡾ $67ࡸ $/7ࡢୖ᪼ࡀほᐹࡉࢀࡓࡶࡢࡢࠊ⫢⮚ࡢ⤌
⧊ᰁⰍീ࡟⃭ࡋ࠸㞀ᐖࡢᡤぢࡀ↓࠸ࡇ࡜  )LJ Fࢆ⪃࠼ྜࢃࡏࡿ࡜ࠊ㛗ᮇಖᏑ +E9


㍺⾑࡟ࡼࡿ⫢㞀ᐖࡣࠊ⫢⮚࡬ࡢ㓟⣲㐠ᦙ࡟ࡼࡿ୍㐣ᛶࡢ⹫⾑෌℺ὶ㞀ᐖ࡛࠶ࡾࠊࡑࡢ
⛬ᗘࡣ㍍ᗘ࡛࠶ࡿࡇ࡜࠿ࡽᏳ඲ᛶࢆྰᐃࡍࡿࡶࡢ࡛ࡣ࡞࠸࡜⪃࠼ࡽࢀࡿࠋ 
 ⫵ࡣ㍺⾑࡟ࡼࡿᙳ㡪ࢆཷࡅࡸࡍ࠸ჾᐁ࡛࠶ࡾࠊ᪥ᮏ㉥༑Ꮠ♫ࡢ࣊ࣔࣅࢪࣛࣥࢫ 
+HPRYLJLODQFH⾑ᾮᏳ඲┘どࡢሗ࿌࡟ࡼࡿ࡜ࠊ㔜⠜࡞㍺⾑๪స⏝ࡢ⣙  ࢆ࿧྾ჾ
⣔ࡀ༨ࡵ࡚࠸ࡿࠋࡇࡢࡼ࠺࡞⫼ᬒࡢࡶ࡜ࠊྛ㍺⾑࡛⸽⏕ᚋࡢ⫵࡟ᑐࡍࡿᙳ㡪ࢆホ౯ࡋ
ࡓ⤖ᯝࠊ㛗ᮇಖᏑ㉥⾑⌫㍺⾑᫬࡟⫵Ỉ⭘ࢆక࠺⫵㞀ᐖࡀほᐹࡉࢀࡓ  )LJ  ࠋ
$5'6 ࡸ $/, ࡜࠸ࡗࡓᛴᛶ࡟Ⓨ⑕ࡍࡿ⫵㞀ᐖࡣࠊࡑࡢ⑓ែᙧᡂ࡟ዲ୰⌫࡜㓟໬㞀ᐖࡢ
㛵୚ࡀ♧၀ࡉࢀ࡚࠸ࡿࡇ࡜࠿ࡽ  ࠊ⫵࡟ᑐࡍࡿዲ୰⌫㞟✚ᛶ࡜㓟໬㞀ᐖࢆࡇࢀࡽ
ࡢ௦⾲ⓗ࡞࣐࣮࣮࡛࢝࠶ࡿ 032 ཬࡧ 2+G* ࡢ⺯ගච␿ᰁⰍ࡟᳨࡚ウࡋࡓࠋࡑࡢ⤖
ᯝࠊ㛗ᮇಖᏑ㉥⾑⌫㍺⾑᫬࡟ࡣ 032 ཬࡧ 2+G* ࡢ⵳✚ࡀほᐹࡉࢀࡓ  )LJ ࠋ㏆
ᖺࠊ㍺⾑࡟ࡼࡿ㔜⠜࡞๪స⏝࡛࠶ࡿ 75$/, ࡣࠊ〇๣ഃ࡜ᝈ⪅ഃࡢ༴㝤ᅉᏊࡀ㔜࡞ࡿ
ࡇ࡜࡛Ⓨ⑕ࡍࡿ௬ㄝࡀᥦၐࡉࢀ࡚࠾ࡾࠊࢩࣙࢵࢡ≧ែࡣ 75$/, Ⓨ⑕ࣜࢫࢡࢆୖ᪼ࡉ
ࡏࡿᝈ⪅ഃࡢ༴㝤ᅉᏊ࡜ࡋ࡚ሗ࿌ࡉࢀ࡚࠸ࡿ  ࠋࡉࡽ࡟ࠊ㉥⾑⌫〇๣ࡢಖᏑ୰࡟⵳
✚ࡉࢀࡿ✀ࠎࡢࢧ࢖ࢺ࢝࢖ࣥࡸ &'/ࠊάᛶ⬡㉁➼ࡀ〇๣ഃࡢ༴㝤ᅉᏊ࡛࠶ࡿྍ⬟
ᛶࡀ♧၀ࡉࢀ࡚࠸ࡿ  ࠋࡇࢀࡽࢆ㋃ࡲ࠼ࡿ࡜ࠊฟ⾑ᛶࢩࣙࢵࢡࣔࢹࣝࣛࢵࢺ࡟ᑐ
ࡍࡿ㛗ᮇಖᏑ㉥⾑⌫ࡢᢞ୚ࡣࠊ⫵࡬ࡢዲ୰⌫ᾐ₶࡜ࡑࡢάᛶ໬࡟ࡼࡾ㓟໬㞀ᐖࢆᘬࡁ
㉳ࡇࡍࡇ࡜࡛ 75$/, ࡜㢮ఝࡋࡓ⑓ែ࡛࠶ࡿ⫵Ỉ⭘࡜⫵㞀ᐖࢆ♧ࡋࡓ࡜᥎ᐹࡉࢀࡿࠋ
ࡇࡢ୍᪉࡛ࠊ㛗ᮇಖᏑ +E9 ㍺⾑࡟ࡼࡿ⫵࡬ࡢ㞀ᐖᛶࡸዲ୰⌫㞟✚ᗘࠊ㓟໬㞀ᐖᛶࡣ
࠸ࡎࢀࡶపࡃࠊ᪂㩭㉥⾑⌫㍺⾑᫬࡜ྠ⛬ᗘ࡛࠶ࡗࡓ  )LJ ࠋࡇࢀࡣࠊ+E9 ࡀ㛗ᮇ
ಖᏑࡉࢀࡓሙྜ࡟࠾࠸࡚ࡶ〇๣ഃࡢᵝࠎ࡞༴㝤ᅉᏊࢆ⏘⏕ࡋ࡞࠸ࡓࡵ࡛࠶ࡿ࡜⪃࠼ࡽ
ࢀࡿࠋࡇࢀࡽࡢ⤖ᯝࡣࠊ㛗ᮇಖᏑ +E9 〇๣ࡀ᪤Ꮡࡢ㉥⾑⌫〇๣ࡸ▷ᮇಖᏑ +E9 〇๣ 
࡜ྠᵝ࡟ࠊ⫵㞀ᐖࣜࢫࢡࡢ㧗࠸⑓ែୗ࡟࠾࠸࡚ࡶᏳ඲࡟฼⏝࡛ࡁࡿ㉥⾑⌫௦᭰
≀࡛࠶ࡿࡇ࡜ࢆ♧၀ࡋ࡚࠸ࡿࠋ 
 ௨ୖࠊ㛗ᮇಖᏑ +E9 〇๣ࡣ᪤Ꮡࡢ㉥⾑⌫〇๣࡜ྠ➼ࡢ⸽⏕ຠᯝࢆᣢࡕࠊᏳ඲ᛶࡢ
㧗࠸㉥⾑⌫௦᭰≀࡛࠶ࡿ࡜⪃࠼ࡽࢀࡿࠋࡓࡔࡋࠊᮏ❶࡛ࡣ⸽⏕  ᫬㛫ᚋࡲ࡛ࢆほᐹᮇ
㛫࡜ࡋ࡚࠾ࡾࠊࡼࡾ㛗ᮇⓗ࡞どⅬ࠿ࡽࡶ᳨ウࡀᚲせ࡛࠶ࡿ࡜⪃࠼ࡽࢀࡿࠋࡉࡽ࡟ࠊື
≀✀࡟ࡼࡗ࡚ࡶ⸽⏕᫬ࡢ⏕య཯ᛂࡀ␗࡞ࡿࡇ࡜ࡀண᝿ࡉࢀࡿࡓࡵࠊ㱎ṑ㢮௨እࡢ኱ᆺ
ື≀ࢆ⏝࠸ࡓᐇ㦂ࡶ⪃៖ࡍ࡭ࡁ஦㡯࡛࠶ࡾࠊ௒ᚋࡉࡽ࡞ࡿ᳨ウࢆせࡍࡿࠋ 

 


➨⠇ ᑠᣓ 

 ᮏ❶࡛ࡣࠊ㛗ᮇಖᏑ +E9 〇๣ࡢ in vivo ࡟࠾ࡅࡿ᭷ຠᛶ࡜Ᏻ඲ᛶࢆホ౯ࡍࡿࡓࡵ࡟ࠊ
ฟ⾑ᛶࢩࣙࢵࢡࣔࢹࣝࣛࢵࢺ࡟ᑐࡋ࡚  ᖺ㛫ಖᏑ +E9 〇๣ࢆᢞ୚ࡋࠊࡑࡢ⸽⏕ຠᯝ
࡜⮚ჾ㞀ᐖᛶࢆ᳨ウࡋࡓࠋ 
 ௨ୗ࡟ᚓࡽࢀࡓ▱ぢࢆせ⣙ࡍࡿࠋ 

 ฟ⾑ᛶࢩࣙࢵࢡ≧ែࢆ࿊ࡋࡓࣛࢵࢺ࡟ᑐࡋ࡚㛗ᮇಖᏑ +E9ࢆ㍺⾑ࡋࡓ࡜ࡇࢁࠊప
⾑ᅽࡸ௦ㅰᛶ࢔ࢩࢻ࣮ࢩࢫࢆ㏿ࡸ࠿࡟ᨵၿࡋࡓ࡯࠿ࠊ⾑ᾮ࢞ࢫࣃ࣓࣮ࣛࢱࡶṇᖖ
࡟ᅇ᚟ࡋࠊ⸽⏕  ᫬㛫ᚋࡲ࡛㧗࠸⏕Ꮡ⋡ࢆ⥔ᣢࡋࡓࠋ 

 ฟ⾑ᛶࢩࣙࢵࢡࣔࢹࣝࣛࢵࢺࢆ㛗ᮇಖᏑ +E9 ࡟ࡼࡾ⸽⏕ࡋࠊ ᫬㛫ᚋࡢ⫢ᶵ⬟ࢆ
ホ౯ࡋࡓ⤖ᯝࠊ$67 ࠾ࡼࡧ $/7 ࡟ⴭࡋ࠸ୖ᪼ࡀほᐹࡉࢀࡓࠋࡇࡢኚ໬ࡣ㉥⾑⌫
࡟ࡼࡿ⸽⏕࡟࠾࠸࡚ࡶྠᵝ࡟ほᐹࡉࢀࡓࠋ୍᪉ࠊ⫢⤌⧊ࡢ⑓⌮Ꮫⓗᡤぢ࡛ࡣࠊ㛗
ᮇಖᏑ +E9ཬࡧ㉥⾑⌫㍺⾑⩌ࡢ࠸ࡎࢀ࡟࠾࠸࡚ࡶⴭࡋ࠸㞀ᐖീࡣほᐹࡉࢀ࡞࠿ࡗ
ࡓࠋ 

 㛗ᮇಖᏑ +E9 ཬࡧ㉥⾑⌫࡟ࡼࡗ࡚ฟ⾑ᛶࢩࣙࢵࢡࣔࢹࣝࣛࢵࢺࢆ⸽⏕ࡋࠊࡑࡢ 
᫬㛫ᚋ࡟⭈ᶵ⬟࣐࣮࣮࡛࢝࠶ࡿ &5( ࡜ %81 ࢆศᯒࡋࡓ⤖ᯝࠊ࠸ࡎࢀࡢ⩌࡟࠾࠸
࡚ࡶṇᖖ್ࢆ♧ࡋࠊ⭈⤌⧊ࡢ⑓⌮Ꮫⓗᡤぢ࡟࠾࠸࡚ࡶ␗ᖖࡣ☜ㄆࡉࢀ࡞࠿ࡗࡓࠋ 

 ฟ⾑ᛶࢩࣙࢵࢡࣔࢹࣝࣛࢵࢺ࡟ᑐࡍࡿ㛗ᮇಖᏑ㉥⾑⌫ࡢᢞ୚  ᫬㛫ᚋ࡟࠾࠸࡚ࠊ
Ẽ⟶ᨭ⫵⬊Ὑίᾮ୰࡬ࡢࢱࣥࣃࢡ₃ฟ࡜⫵ :HW'U\ 㔜㔞ẚࡢቑຍࢆㄆࡵࠊ⫵⤌⧊
⑓⌮Ꮫⓗ࡟ࡶ㞀ᐖീࡀほᐹࡉࢀࡓࠋ୍᪉࡛ࠊ㛗ᮇಖᏑ +E9ᢞ୚᫬࡟ࡣࡇࢀࡽࡢቑ
ᝏࡣㄆࡵࡽࢀࡎࠊ᪂㩭㉥⾑⌫ᢞ୚᫬ࡢ⤖ᯝ࡜㢮ఝࡋ࡚࠸ࡓࠋ 

 ฟ⾑ᛶࢩࣙࢵࢡࣔࢹࣝࣛࢵࢺࡢ⸽⏕  ᫬㛫ᚋࡢ⫵⤌⧊ 032 ࠾ࡼࡧ 2+G* ⺯ග
ච␿ᰁⰍࢆ⾜ࡗࡓ࡜ࡇࢁࠊ㛗ᮇಖᏑ㉥⾑⌫㍺⾑࡛ࡇࢀࡽࡢᙉ࠸⵳✚ࡀ☜ㄆࡉࢀࡓࠋ
ᑐ↷ⓗ࡟ࠊ㛗ᮇಖᏑ +E9㍺⾑࡟࠾࠸࡚ࡣࡇࢀࡽࡢ⵳✚ࢆᢚไࡋ࡚࠾ࡾࠊ᪂㩭㉥⾑
⌫㍺⾑᫬࡜ྠ➼࡛࠶ࡗࡓࠋ 



 ௨ୖࡢ▱ぢ࠿ࡽࠊ㛗ᮇಖᏑ +E9 〇๣ࡣฟ⾑ᛶࢩࣙࢵࢡ࡟ᑐࡍࡿ⸽⏕ᾮ࡜ࡋ࡚᪂㩭
㉥⾑⌫࡜ྠ➼ࡢຠᯝࢆ♧ࡋࠊ㓟⣲㐠ᦙయ࡜ࡋ࡚᭷ຠ࡟ᶵ⬟ࡍࡿྍ⬟ᛶࢆ♧၀ࡋࡓࠋຍ
࠼࡚ࠊ㛗ᮇಖᏑ +E9 ㍺⾑ࡣࠊ⸽⏕ᚋࡢ᭷ᐖస⏝ࢆ♧ࡉ࡞࠸Ᏻ඲ᛶ࡟ᐩࢇࡔேᕤ㉥⾑
⌫〇๣࡛࠶ࡿ࡜᥎ᐹࡉࢀࡿࠋࡇࢀࡽࡢ⤖ᯝࡣࠊ+E9ࡀᑡ࡞ࡃ࡜ࡶ ᖺ㛫ࡣၥ㢟࡞ࡃಖ
Ꮡ࡛ࡁࡿ㉥⾑⌫௦᭰≀〇๣࡛࠶ࡿࡇ࡜ࢆ in vivo ࡛⿬௜ࡅࡓ᭷⏝࡞ᇶ♏ⓗࢹ࣮ࢱ࡛࠶
ࡿ࡜⪃࠼ࡽࢀࡿࠋ 
 


➨❶ ೺ᖖࣛࢵࢺ࡟ᑐࡍࡿ +E9 ኱㔞ᢞ୚ࡀ⫢ &<3 ௦ㅰᆺ⸆≀ࡢయෆືែ࡟ 
 ୚࠼ࡿᙳ㡪 

➨⠇ ᗎ 

 +E9 ࡀ⮫ᗋᛂ⏝ࡉࢀࡓሙྜࡢ㐺ᛂ࡜ࡋ࡚ࠊ኱㔞ฟ⾑ᝈ⪅ࡸ⑌ᝈ᫬࡟࠾ࡅࡿ㉥⾑⌫
୙㊊᫬ࡢ㍺⾑⏝ᾮ࡜ࡋ࡚ࡢᢞ୚ࡀ᝿ᐃࡉࢀ࡚࠸ࡿࠋࡇࡢࡼ࠺࡞ᝈ⪅࡟࠾࠸࡚ࡣࠊ༢࡟
㍺⾑࡟ࡼࡿ἞⒪࡟࡜࡝ࡲࡽࡎࠊࡑࡢ⑓ែ࡟ᛂࡌ࡚✀ࠎࡢ⸆≀἞⒪ࡀ⾜ࢃࢀࡿࡇ࡜ࡣᐜ
᫆࡟᝿ീ࡛ࡁࡿࠋ+E9 ᢞ୚ࡀే⏝⸆ࡢ௦ㅰ➼ࡢయෆືែ࡟ఱࡽ࠿ࡢᙳ㡪ࢆཬࡰࡍሙ
ྜࠊే⏝⸆ࡢ⸆ຠⓎ⌧ࡀῶᙅࡋࡓࡾࠊ㏫࡟๪స⏝ࡢࣜࢫࢡࡀ㧗ࡲࡗࡓࡾࡍࡿྍ⬟ᛶࡀ
⪃࠼ࡽࢀࡿࡓࡵࠊࡑࢀࡽࢆ⪃៖ࡋࡓే⏝⸆ࡢᢞ୚タィࡀᚲせ࡟࡞ࡿࠋᚑࡗ࡚ࠊ+E9
ࡢ⸆≀ືែᏛⓗᶵᗎ࡟ᇶ࡙ࡃ┦஫స⏝ࡢホ౯ࡣ⸆≀἞⒪ࢆ᭷ຠ࠿ࡘᏳ඲࡟⾜࠺ୖ࡛ᚲ
せ࡛࠶ࡾࠊ+E9 ࡢ་⸆ရ࡜ࡋ࡚ࡢᐇ⏝໬࡟㝿ࡋ࡚᭷⏝࡞ᇶ♏ⓗ▱ぢ࡜࡞ࡿࠋ 
 ࡜ࡇࢁ࡛ࠊ⸆≀௦ㅰࡣᇶ㉁࡟ᑐࡍࡿ㓟໬ࠊ㑏ඖࠊຍỈศゎ཯ᛂ࡛࠶ࡿ➨୍┦཯ᛂ࡜ࠊ
ࢢࣝࢡࣟࣥ㓟ࡸࢢࣝࢱࢳ࢜ࣥ➼ࡢෆᅉᛶ≀㉁ࡀᢪྜ཯ᛂࡍࡿ➨஧┦཯ᛂ࡟኱ูࡉࢀࡿ 
ࠋࡇࢀࡽࡢ௦ㅰ࡟㛵୚ࡍࡿ㓝⣲⩌ࡣከᩘᏑᅾࡋࠊ≉࡟⫢⮚࡟࠾࠸࡚㧗࠸Ⓨ⌧ࡀㄆࡵ
ࡽࢀ࡚࠸ࡿࠋ୰࡛ࡶࠊ&<3 ࡣ⣙ ࡢ➨୍┦⸆≀௦ㅰ཯ᛂ࡟㛵୚ࡍࡿࡇ࡜ࡀ▱ࡽࢀ
࡚࠾ࡾࠊ⸆≀௦ㅰ཯ᛂࡢ୰ᚰⓗ࡞ᙺ๭ࢆᢸࡗ࡚࠸ࡿ  ࠋ஦ᐇࠊࣄࢺ &<3 ࡢ୺࡞ᇶ㉁
࡟ࡣࠊ㯞㓉⸆ࡸᢠ୙ᩚ⬦⸆ࠊࢫࢸࣟ࢖ࢻ࣍ࣝࣔࣥ➼ࡀከᩘሗ࿌ࡉࢀ࡚࠾ࡾࠊࡇࢀࡽࡣ
+E9 ࡢ౑⏝ࡀண᝿ࡉࢀࡿᩆ࿨⸽⏕᫬ࡸᡭ⾡᫬➼࡟㢖⏝ࡉࢀࡿ་⸆ရ࡛ࡶ࠶ࡿ  7DEOH
ࠋ 
 ࡑࡇ࡛ᮏ❶࡛ࡣࠊ೺ᖖࣛࢵࢺ࡟ +E9 ࢆ኱㔞ᢞ୚ࡋࠊ+E9 ᢞ୚ᚋࡢ &<3 ௦ㅰᆺ⸆≀
ࡢయෆືែ࡟୚࠼ࡿᙳ㡪ࢆ᳨ウࡋࡓࠋ 

7DEOH'UXJVPHWDEROL]HGE\KXPDQF\WRFKURPH3HQ]\PHV
7KHUDSHXWLFXVH 'UXJQDPHFRQWULEXWLQJLVRIRUP
1DUFRWLF 3URSRIRO%&   .HWDPLQH%$&0LGD]RODP$
$QWLDUUK\WKPLF /LGRFDLQH$$%   9HUDSDPLO$&
$QDOJHVLF 0RUSKLQH$&   &RGHLQH'
$QWLVHL]XUH 'LD]HSDP$&   3KHQ\WRLQ&&
6WHURLG 'H[DPHWKDVRQH$   &RUWLVRO$


➨⠇ &<3 ࢱࣥࣃࢡ㉁࠾ࡼࡧ㑇ఏᏊⓎ⌧㔞ホ౯ 

 ࣉࣟࢸ࣮࣒࢜ゎᯒ࡟ࡼࡿ⫢ &<3 ศᏊ✀ูࢱࣥࣃࢡ㉁Ⓨ⌧㔞ࡢ⥙⨶ⓗホ౯ 

 ⫢⮚࡟࠾ࡅࡿ &<3 ࢱࣥࣃࢡ㉁Ⓨ⌧㔞ࡣ⸆≀௦ㅰ⬟ࢆỴᐃ௜ࡅࡿୖ࡛㔜せ࡞ᅉᏊ࡛
࠶ࡿࡇ࡜࠿ࡽࠊ+E9 ᢞ୚ᚋࡢ⫢࣑ࢡࣟࢯ࣮࣒ࢆࣉࣟࢸ࣮࣒࢜ゎᯒࡋࠊ&<3 ࢱࣥࣃࢡ
㉁Ⓨ⌧㔞࡟୚࠼ࡿᙳ㡪ࢆ᳨ウࡋࡓࠋࣉࣟࢸ࣮࣒࢜ゎᯒࡣࠊ⏕యෆࡢࢱࣥࣃࢡ㉁ࡢⓎ⌧
ࡸᶵ⬟ࠊᵓ㐀ࡢໟᣓⓗ◊✲࡟⏝࠸ࡽࢀ࡚࠸ࡿࠋࡇࡢゎᯒࢆ⾜࠺ᡭἲࡣከᩘᏑᅾࡍࡿࡀࠊ
ᮏ❶࡛ࡣࠊ⥙⨶ⓗᐃ㔞ࣉࣟࢸ࣑࢜ࢡࢫ 6:$7+ ἲࢆ⏝࠸ࡓゎᯒࢆᐇ᪋ࡋࡓ  ࠋ೺ᖖ
ࣛࢵࢺ࡟᪂㩭㉥⾑⌫  35%&ࠊ ᪥ಖᏑ㉥⾑⌫  35%&ࠊ+E9ࠊ6DOLQH ࡢ࠸ࡎࢀ࠿
ࢆ  PJ +ENJ  P/NJ࡛ᢞ୚ࡍࡿ  ⩌ࢆタᐃࡋࠊᢞ୚  ᫬㛫ᚋ࡟⫢⮚ࢆᅇ཰
ࡋࡓࠋᢳฟࡋࡓ⫢࣑ࢡࣟࢯ࣮࣒ࢆࢺࣜࣉࢩࣥฎ⌮ᚋࠊᚓࡽࢀࡓ࣌ࣉࢳࢻࢧࣥࣉࣝࢆᾮ
యࢡ࣐ࣟࢺࢢࣛࣇ࢕࣮²ࢱࣥࢹ࣒㉁㔞ศᯒ  /&0606࡟ࡼࡾ ᐃࡋ 6:$7+ ゎᯒ
ࢆ⾜ࡗࡓ  )LJࠋ 


)LJ3URFHGXUHRIVDPSOHSUHSDUDWLRQDQGUHODWLYHTXDQWLILFDWLRQE\SURWHRPLFV

 6:$7+ ゎᯒࡢ⤖ᯝࠊ ࢆ㉸࠼ࡿࢱࣥࣃࢡ㉁ࢆ᳨ฟࡋࠊ ࡢ &<3 ศᏊ✀ࢆ᳨ฟ
࡛ࡁࡓࠋࡉࡽ࡟ࠊ6DOLQH ᢞ୚⩌࡜ẚ㍑ࡋࡓྛᢞ୚⩌ࡢ┦ᑐẚ㍑ࢆ⾜࠸ࠊࢫࢡ࣮ࣜࢽࣥ
ࢢ࡜ࡋ࡚Ⓨ⌧㔞ࡀ ಸ௨ୖࡢቑῶࢆ♧ࡋࡓศᏊ✀ࢆᢳฟࡋࡓࠋࡑࡢ⤖ᯝࠊ&<3'ࡢ
Ⓨ⌧㔞ࡀ 35%& ⩌࡛  ಸࢆ♧ࡋࡓ࡯࠿ࠊ&<3 & ࡢⓎ⌧㔞ࡀ 35%& ⩌࡛ 
ಸࠊ+E9 ⩌࡛  ಸࢆ♧ࡋࡓ  7DEOH ࠋࡑࡇ࡛ࠊࡇࢀࡽ  ࡘࡢศᏊ✀࡟ࡘ࠸࡚ಶయ


ูࡢᐃ㔞್ࢆヲ⣽࡟᳨ウࡋࡓ࡜ࡇࢁࠊ&<3 ' ࡟ࡘ࠸࡚ࡣࠊ35%&ࠊ35%& ཬࡧ
6DOLQH ⩌࡟࠾࠸࡚ࠊྠ⩌ࡢಶయ㛫࡛  ಸ௨ୖࡢⓎ⌧ࡢᕪࢆ♧ࡋࡓࠋࡉࡽ࡟ࠊ&<3
& ࡟ࡘ࠸࡚ࡶྠᵝ࡟ࠊྠ⩌ࡢಶయ㛫࡛  ಸࡢⓎ⌧ࡢኚືࡀ㉳ࡇࡗ࡚࠸ࡓࠋࡑࡢ
୍᪉࡛ࠊୖグ௨እࡢ &<3 ศᏊ✀࡟ࡣ኱ࡁ࡞ኚືࡣほᐹࡉࢀ࡞࠿ࡗࡓࠋᚑࡗ࡚ࠊ+E9
ᢞ୚ࡣ኱㒊ศࡢ &<3 ศᏊ✀ࡢࢱࣥࣃࢡ㉁Ⓨ⌧࡟኱ࡁ࡞ᙳ㡪ࢆ୚࠼࡚࠸࡞࠸࡜᥎ᐹࡉ
ࢀࡓࠋ 

7DEOH)ROGFKDQJHV LQSURWHLQH[SUHVVLRQ OHYHOVRIKHSDWLF&<3LVRIRUPVDWKRXUV
DIWHUDGPLQLVWUDWLRQRI35%&35%&RU+E9LQFRPSDULVRQZLWK6DOLQHE\6:$7+
06
 35%&6DOLQH 35%&6DOLQH +E96DOLQH
&<3$   
&<3$   
&<3$   
&<3%   
&<3&   
&<3&   
&<3&   
&<3&   
&<3'   
&<3'   
&<3'   
&<3'   
&<3(   
&<3$   
&<3$   
&<3$   
7KHYDOXHVDUHPHDQVQ HDFKJURXS
  


 ⫢ &<3 ୺せศᏊ✀ࡢࢱࣥࣃࢡ㉁Ⓨ⌧㔞 

 ࣉࣟࢸ࣮࣒࢜ゎᯒ࡟ࡼࡿࢫࢡ࣮ࣜࢽࣥࢢࡢ⤖ᯝࡼࡾࠊ+E9 ᢞ୚ࡀ &<3 ࢱࣥࣃࢡ㉁
Ⓨ⌧࡟୚࠼ࡿᙳ㡪ࡣᑠࡉ࠸ྍ⬟ᛶࡀ♧ࡉࢀࡓࠋࡑࡇ࡛ࠊࣉࣟࢸ࣮࣒࢜ゎᯒ࡟ࡼࡾᢳฟ
ࡉࢀࡓ &<3 ࡢ୰࡛ࡶ⸆≀௦ㅰ࡜㛵㐃῝࠸  ศᏊ✀  &<3 $ &<3 & &<3 (
&<3 $࡟↔Ⅼࢆᙜ࡚ࠊᢠཎᢠయ཯ᛂ࡟ࡼࡗ࡚㧗ឤᗘ࡟┠ⓗࢱࣥࣃࢡ㉁ࢆ᳨ฟࡍࡿ
ᡭἲ࡛࠶ࡿ ZHVWHUQEORWWLQJ ࡟ࡼࡗ࡚ࡶࢱࣥࣃࢡ㉁Ⓨ⌧㔞ࢆ☜ㄆࡋࠊࣉࣟࢸ࣮࣒࢜ゎᯒ
ࡢ⤖ᯝ࡜ẚ㍑ࡋࡓࠋ࣮ࣟࢹ࢕ࣥࢢࢥࣥࢺ࣮ࣟࣝ࡜ࡋ࡚ JO\FHUDOGHK\GHSKRVSKDWH
GHK\GURJHQDVH*$3'+ࢆ⏝࠸࡚ࠊᚓࡽࢀࡓ EORW ࢹ࣮ࢱ࠿ࡽ 6DOLQH ⩌࡟ᑐࡍࡿྛᢞ୚
⩌ࡢ &<3 ศᏊ✀ࢱࣥࣃࢡ㉁Ⓨ⌧㔞ࢆ┦ᑐẚ㍑ࡋࡓ࡜ࡇࢁࠊᢞ୚⩌㛫࡛᭷ព࡞ᕪࡣほ
ᐹࡉࢀࡎ  )LJ ࠊࣉࣟࢸ࣮࣒࢜ゎᯒ࡟ࡼࡿࢫࢡ࣮ࣜࢽࣥࢢࡢ⤖ᯝࢆᴫࡡᨭᣢࡋࡓࠋ 

 


)LJ  3URWHLQ H[SUHVVLRQ OHYHOV RI KHSDWLF &<3 LVRIRUPV DW  KRXUV DIWHU
DGPLQLVWUDWLRQRI35%&35%&+E9RU6DOLQH
:HVWHUQEORWLPDJHVDQGWKHVHGHQVLWRPHWU\DQDO\VLVRID&<3$E&<3&F&<3
(DQGG&<3$*O\FHUDOGHK\GHSKRVSKDWHGHK\GURJHQDVH*$3'+ZDVXVHGDVD
ORDGLQJFRQWURO(DFK&<3LVRIRUP*$3'+LQ6DOLQHJURXSLVDUELWUDULO\VHWDWDQGGDWD
DUHH[SUHVVHGDVWKHSHUFHQWDJHRIWKDW7KHYDOXHVDUHPHDQV6'Q HDFKJURXS
 


 ⫢ &<3 ୺せศᏊ✀ࡢ P51$ Ⓨ⌧㔞 

 )LJ  ࡢ⤖ᯝ࠿ࡽࠊᑡ࡞ࡃ࡜ࡶ +E9 ᢞ୚  ᫬㛫ᚋ࡟࠾࠸࡚ࡣ &<3 ࡢࢱࣥࣃࢡ㉁
Ⓨ⌧࡟୚࠼ࡿᙳ㡪ࡀᑠࡉ࠸࡜⪃࠼ࡽࢀࡓࠋࡑࡇ࡛ࠊ+E9 ᢞ୚ࡀ &<3 㑇ఏᏊࡢ㌿෗࡟
୚࠼ࡿᙳ㡪ࢆ᳨ウࡍࡿࡓࡵࠊ35%&35%&+E96DOLQHᢞ୚  ᫬㛫ᚋࡢ⫢⮚࡟࠾
ࡅࡿ &<3 ศᏊ✀ู P51$ Ⓨ⌧㔞ࢆᐃ㔞ⓗ 573&5 57T3&5ἲ࡟ࡼࡾ ᐃࡋࠊ
6DOLQH⩌࡟ᑐࡍࡿ┦ᑐᐃ㔞ࢆ⾜ࡗࡓࠋࡑࡢ⤖ᯝࠊ35%&࠾ࡼࡧ 35%&⩌࡛ࡣ ศᏊ
✀඲࡚࡛᭷ព࡞ኚ໬ࡣほᐹࡉࢀ࡞࠿ࡗࡓ  )LJ ࠋࡑࡢ୍᪉࡛ࠊ⯆࿡῝࠸ࡇ࡜࡟ࠊ
+E9 ⩌࡟࠾࠸࡚ࡣ  ศᏊ✀඲࡚࡛᭷ព࡞ P51$ Ⓨ⌧㔞ࡢῶᑡࡀㄆࡵࡽࢀࡓࠋࡍ࡞ࢃ
ࡕࠊ+E9 ᢞ୚  ᫬㛫᫬Ⅼ࡛ࡣࠊ&<3 ࡢࢱࣥࣃࢡ㉁࡜ࡋ࡚ࡢⓎ⌧㔞࡟ࡣᙳ㡪ࢆ୚࠼࡞
࠸ࡶࡢࡢࠊ㑇ఏᏊ㌿෗࡛ࣞ࣋ࣝࡣࡑࡢⓎ⌧ࢆᢚไࡋ࡚࠸ࡿྍ⬟ᛶࡀ♧၀ࡉࢀࡓࠋ 


)LJP51$H[SUHVVLRQOHYHOVRID&<3$E&<3&F&<3(DQGG&<3
$DWKRXUVDIWHUDGPLQLVWUDWLRQRI35%&35%&+E9RU6DOLQH
(DFK&<3LVRIRUPH[SUHVVLRQOHYHOQRUPDOL]HGWREDFWLQLQ6DOLQHJURXSLVDUELWUDULO\VHWDW
DQGGDWDDUHH[SUHVVHGDVWKHSHUFHQWDJHRIWKDW7KHYDOXHVDUHPHDQV6'Q HDFK
JURXS*p **p YV6DOLQHJURXS


➨⠇ &<3 ௦ㅰᇶ㉁ࡢయෆືែゎᯒ 

 +E9 ࡢᢞ୚ࡀ &<3 ௦ㅰᆺ⸆≀ࡢయෆືែ࡟ᙳ㡪ࢆཬࡰࡍ࠿ྰ࠿ࢆ in vivo ᳨࡛ウࡍ
࡭ࡃࠊ೺ᖖࣛࢵࢺ࡟ 35%& 35%& +E9 6DOLQHࢆᢞ୚ࡋࡓ  ᫬㛫ᚋ࡟ &<3 ྛศ
Ꮚ✀≉␗ⓗ࡟௦ㅰࡉࢀࡿ⸆≀ࢆΰྜࡋࡓ &<3 FRFNWDLO &<3 $ FDIIHLQH &<3 &
WROEXWDPLGH&<3(FKORU]R[D]RQH&<3$PLGD]RODPࢆᢞ୚ࡋࠊ⾑₢୰⸆≀⃰ᗘ
ࡢゎᯒࢆ⾜ࡗࡓ  )LJࠋ 


)LJ3URWRFRORISKDUPDFRNLQHWLFVDQDO\VLVRI&<3FRFNWDLO
5DWV ZHUH DGPLQLVWHUHG ZLWK 35%& 35%& +E9 RU 6DOLQH $IWHU  KRXUV UDW DOVR
LQMHFWHGZLWK&<3FRFNWDLOFRQVLVWHGRIFDIIHLQHWROEXWDPLGHFKORU]R[D]RQHDQGPLGD]RODP
DV VXEVWUDWHV VSHFLILFDOO\PHWDEROL]HGZLWK&<3 $&<3 &&<3 ( DQG&<3$
UHVSHFWLYHO\ )UHTXHQW EORRG VDPSOLQJ ZDV SHUIRUPHG DQG WKHQ SODVPD VDPSOHV ZHUH
GHWHUPLQHGE\+3/&3KDUPDFRNLQHWLFSDUDPHWHUVZHUHHVWLPDWHGXVLQJPRPHQWDQDO\VLV

 ࡑࡢ⤖ᯝࠊ35%& ཬࡧ 35%& ⩌ࡣࡍ࡭࡚ࡢ⸆≀࡟࠾࠸࡚ 6DOLQH ⩌࡜ྠᵝࡢ⾑₢
୰⃰ᗘ᥎⛣ࢆ♧ࡋࡓࠋ୍᪉ࠊ+E9 ⩌ࡢ⾑₢୰⸆≀⃰ᗘࡣ௚ࡢᢞ୚⩌࡜ẚ㍑ࡋ࡚㧗ࡃ
࡞ࡿഴྥࡀほᐹࡉࢀࡓ  )LJ ࠋࡓࡔࡋࠊࡑࡢ⛬ᗘࡣ⸆≀࡟ࡼࡗ࡚␗࡞ࡗ࡚࠾ࡾࠊ
౛࠼ࡤ FDIIHLQH ᢞ୚  ᫬㛫ᚋࡢ⾑₢୰⃰ᗘࡣ 6DOLQH ⩌࡛ JP/ ࡛࠶ࡗࡓࡢᑐ
ࡋ࡚ +E9⩌࡛ࡣ JP/࡜⣙ ಸ㧗್ࢆ♧ࡋࡓ  )LJDࠋࡲࡓࠊ WROEXWDPLGH
ࡢሙྜࠊᢞ୚  ᫬㛫ᚋࡢ⾑₢୰⃰ᗘࡣ 6DOLQH ⩌࡛    JP/ ࡛࠶ࡗࡓࡢᑐࡋ࡚
+E9 ⩌࡛ࡣ JP/ ࡜  ಸ⛬ᗘ࡛࠶ࡗࡓ  )LJEࠋ 
 ࡉࡽ࡟ࠊᚓࡽࢀࡓ⾑₢୰⃰ᗘ᥎⛣࠿ࡽྛ⸆≀ࡢືែࣃ࣓࣮ࣛࢱࢆ࣮࣓ࣔࣥࢺゎᯒἲ
࡟ࡼࡾ⟬ฟࡋࡓࠋࡑࡢ⤖ᯝࠊ35%& ࠾ࡼࡧ 35%& ⩌࡟࠾࠸࡚ࡣ 6DOLQH ⩌࡜ẚ㍑ࡋ


࡚⸆≀ືែࣃ࣓࣮ࣛࢱࡢኚ໬ࡣほᐹࡉࢀ࡞࠿ࡗࡓ  7DEOHࠋ௚᪉ࠊ+E9⩌࡛ࡣ 6DOLQH
⩌࡜ẚ㍑ࡍࡿ࡜ࠊ඲⸆≀࡛༙ῶᮇ  7 ࡢ᭷ព࡞ᘏ㛗࡞࠸ࡋࡣᘏ㛗ഴྥ  FDIIHLQH
 ಸࠊ WROEXWDPLGH ಸࠊFKORU]R[D]RQH ಸࠊPLGD]RODP ಸࡀ♧ࡉࢀࡓࠋࡲ
ࡓࠊ⾑୰⃰ᗘ̿᫬㛫᭤⥺ୗ㠃✚  $8&࡟ࡘ࠸࡚ࡶቑຍ  FDIIHLQHಸࠊ WROEXWDPLGH
 ಸࠊFKORU]R[D]RQH  ಸࠊPLGD]RODP  ಸࡋࠊ඲㌟ࢡࣜ࢔ࣛࣥࢫ  &/WRW࡟ࡘ
࠸࡚ࡣῶᑡ  FDIIHLQHಸࠊ WROEXWDPLGHಸࠊFKORU]R[D]RQHಸࠊPLGD]RODP
ಸࡋࡓࠋࡇࢀࡽࡢ⤖ᯝࡼࡾࠊ+E9 ᢞ୚ࡣ &<3 ௦ㅰᆺ⸆≀ࡢ⾑୰࠿ࡽࡢᾘኻࢆ㑄ᘏ
ࡉࡏࡿࡇ࡜ࡀุ᫂ࡋࡓࠋ 


)LJ  3ODVPD FRQFHQWUDWLRQ SURILOH RI &<3 FRFNWDLO FRQVLVWHG RI D FDIIHLQH E
WROEXWDPLGH F FKORU]R[D]RQH DQG G PLGD]RODP LQ UDWV DW  KRXUV DIWHU
DGPLQLVWUDWLRQRI35%&35%&+E9RU6DOLQH
7KHYDOXHVDUHPHDQV6'Q HDFKJURXS 


7DEOH  3KDUPDFRNLQHWLFV SDUDPHWHUV RI &<3 FRFNWDLO LQ UDWV DW  KRXUV DIWHU
DGPLQLVWUDWLRQRI35%&35%&+E9RU6DOLQH
 35%& 35%& +E9 6DOLQH
  &DIIHLQH&<3$
7KU   ** 
$8&LQIȝJîKUP/    
057KU    
&/WRWP/KU    
9GP/  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Q HDFKJURXS*p**pYV
6DOLQHJURXS

 ḟ࡟ࠊ+E9Z ⩌࡟ &<3 FRFNWDLO ࢆᢞ୚ᚋࡢయෆືែゎᯒࢆ⾜ࡗࡓࠋࡑࡢ⤖ᯝࠊ
+E9K ⩌࡜ẚ㍑ࡍࡿ࡜ࠊ+E9Z ࡛ࡣ⸆≀⾑₢୰⃰ᗘࡀప࠸ഴྥࢆ♧ࡋࠊ6DOLQH ⩌
࡜㢮ఝࡋ࡚࠸ࡓ  )LJࠋࡉࡽ࡟ࠊᚓࡽࢀࡓ⾑₢୰⃰ᗘ᥎⛣࠿ࡽ +E9Z ⩌࡟࠾ࡅࡿ
ྛ⸆≀ࡢືែࣃ࣓࣮ࣛࢱࢆ⟬ฟࡋࡓ࡜ࡇࢁࠊ+E9K ⩌࡟࠾࠸࡚ほᐹࡉࢀࡓ 7ࡢᘏ
㛗ࠊ$8& ࡢቑຍཬࡧ &/WRWࡢపୗࡣࠊ+E9Z ⩌࡛ࡣ 6DOLQH ⩌࡜ྠ➼ࡢ್࡟ࡲ࡛ᅇ᚟
ࡋ࡚࠸ࡿࡇ࡜ࡀ☜ㄆ࡛ࡁࡓ  7DEOHࠋ 
 



)LJ  3ODVPD FRQFHQWUDWLRQ SURILOH RI &<3 FRFNWDLO FRQVLVWHG RI D FDIIHLQH E
WROEXWDPLGHFFKORU]R[D]RQHDQGGPLGD]RODPLQUDWVDWZHHNDIWHUDGPLQLVWUDWLRQ
RI+E9+E9Z 
 LQGLFDWHGTXRWHGYDOXHV IURP)LJ  IRU FRPSDULVRQ7KHYDOXHV DUHPHDQV6'Q 
HDFKJURXS
 


7DEOH  3KDUPDFRNLQHWLFV SDUDPHWHUV RI &<3 FRFNWDLO LQ UDWV DW  ZHHN DIWHU
DGPLQLVWUDWLRQRI+E9
 +E9Z +E9K 6DOLQH
  &DIIHLQH&<3$
7KU   
$8&LQIȝJîKUP/   
057KU   
&/WRWP/KU   
9GP/   
  7ROEXWDPLGH&<3&
7KU   
$8&LQIȝJîKUP/   
057KU   
&/WRWP/KU   
9GP/   
  &KORU]R[D]RQH&<3(
7KU   
$8&LQIȝJîKUP/   
057KU   
&/WRWP/KU   
9GP/   
  0LGD]RODP&<3$
7KU   
$8&LQIȝJîKUP/   
057KU   
&/WRW/KU   
9G/   
 LQGLFDWHGTXRWHGYDOXHV IURP7DEOH IRU FRPSDULVRQ7KHYDOXHVDUHPHDQV6'Q 
HDFKJURXS

 ࡉࡽ࡟ࠊ+E9Z⩌ࡢ &<3ศᏊ✀ู௦ㅰάᛶ࡟ࡘ࠸᳨࡚ウࡍࡿࡓࡵࠊ➨ ❶ ⠇࡜
ྠᵝ࡟⫢࣑ࢡࣟࢯ࣮࣒ࡢ in vitroάᛶヨ㦂ࢆᐇ᪋ࡋࡓࠋࡑࡢ⤖ᯝࠊ+E9Z⩌࡛ࡣ &<3
ྛศᏊ✀ࡢ௦ㅰάᛶࡣ 6DOLQH ⩌࡜᭷ព࡞ᕪࢆㄆࡵ࡞࠿ࡗࡓ  )LJࠋ 


 ௨ୖࡼࡾࠊ+E9 ᢞ୚  ᫬㛫ࡢ᫬Ⅼ࡟࠾࠸࡚ほᐹࡉࢀࡓ &<3 ࡟㛵㐃ࡍࡿ✀ࠎࡢኚ໬
ࡣࠊ+E9 ᢞ୚  㐌㛫ᚋ࡛ࡣࡑࡢ኱㒊ศࡀᅇ᚟ࡋ࡚࠸ࡿࡇ࡜࠿ࡽࠊ+E9 ࡀ &<3 ࡢⓎ⌧
ࡸᶵ⬟࡟୚࠼ࡿᙳ㡪ࡣ୍㐣ᛶ࡛࠶ࡿ࡜⪃࠼ࡽࢀࡓࠋ 


)LJ0HWDEROLFDFWLYLWLHVRIKHSDWLFPLFURVRPDOD&<3$E&<3&F&<3
(DQGG&<3$DWZHHNDIWHUDGPLQLVWUDWLRQRI+E9
LQGLFDWHGTXRWHGYDOXHVIURP)LJIRUFRPSDULVRQ7KHDFWLYLW\RIHDFK&<3LVRIRUPLQ
6DOLQHJURXSLVDUELWUDULO\VHWDWDQGGDWDDUHH[SUHVVHGDV WKHSHUFHQWDJHRI WKDW7KH
YDOXHVDUHPHDQV6'Q HDFKJURXS*p**pYV6DOLQHJURXS


  


➨⠇ ⪃ᐹ 

 ୍⯡ⓗ࡞་⸆ရࡢ㛤Ⓨࡲ࡛ࡢࣉࣟࢭࢫ࡛ࡣࠊ㠀⮫ᗋヨ㦂ࡸ⮫ᗋヨ㦂࡜࠸ࡗࡓẁ㝵ࢆ
⤒࡚ࡑࡢ᭷ຠᛶ࡜Ᏻ඲ᛶࢆ☜❧ࡍࡿᚲせࡀ࠶ࡿࠋ+E9 ࡣ⌧ᅾࠊ་⸆ရ࡜ࡋ࡚ࡢᐇ⏝
໬࡟ྥࡅ࡚ࠊ*/3 ࡟‽ᣐࡋࡓ㠀⮫ᗋヨ㦂ࡸ *03 ࡟㐺ྜࡋࡓ〇๣ᕤ⛬ࡢ☜❧➼࡟ྲྀࡾ
⤌ࢇ࡛࠾ࡾࠊࡇࢀࡽࡢ᳨ウࡣ⮫ᗋヨ㦂ᐇ᪋࡟ྥࡅ࡚୙ྍḞ࡛࠶ࡿࡇ࡜ࡣゝ࠺ࡲ࡛ࡶ࡞
࠸ࠋ㠀⮫ᗋヨ㦂࡟ࡣࠊ⿕㦂≀ࡢయෆືែࢆỴᐃ࡙ࡅࡿᅉᏊ࡛࠶ࡿ $'0( $EVRUSWLRQ
྾཰ࠊ'LVWULEXWLRQศᕸࠊ0HWDEROLVP௦ㅰࠊ([FUHWLRQ᤼ἥࢆ᫂ࡽ࠿࡟ࡍ࡭ࡃ⸆≀
ືែヨ㦂ࡀ⾜ࢃࢀࡿࠋ+E9 ࡢ $'0( ࡟ࡘ࠸࡚ࡣࠊ೺ᖖ࠾ࡼࡧྛ✀⑓ែࣔࢹࣝື≀࡟
࠾࠸࡚ヲ⣽࡟᳨ウࡉࢀ࡚࠾ࡾࠊ㉥⾑⌫௦᭰≀࡜ࡋ࡚༑ศ࡞⾑୰⁫␃ᛶ࡜ࠊప࠸⏕య⵳
✚ᛶࡢ୧㠃ࢆేࡏᣢࡘࡇ࡜ࡀሗ࿌ࡉࢀ࡚࠸ࡿ  ࠋࡉࡽ࡟㏆ᖺ࡛ࡣࠊ⸆≀ືែᏛ
ⓗ┦஫స⏝ࡢⓎ⌧ࡢྍ⬟ᛶࢆ་⸆ရ㛤Ⓨẁ㝵࡛ホ౯ࡍࡿࡇ࡜ࡢ㔜せᛶࡀ෌ㄆ㆑ࡉࢀ࡚
࠾ࡾࠊ᪥ᮏ࡟࠾࠸࡚ࡶ⸆≀┦஫స⏝ࡢ᳨ウ࡟㛵ࡍࡿᣦ㔪ࡢᨵᐃࡀ⾜ࢃࢀ࡚࠸ࡿࠋ㐣ཤ
ࡢࢯࣜࣈࢪࣥ஦௳ࡀ♧ࡍࡼ࠺࡟ࠊ⸆≀┦஫స⏝ࡣ᫬࡜ࡋ࡚⏕࿨ࢆ⬣࠿ࡍ㔜⠜࡞๪స⏝
ࢆច㉳ࡍࡿྍ⬟ᛶࡀ࠶ࡿࡇ࡜࠿ࡽࠊ⸆≀ືែᏛⓗ┦஫స⏝ࡢ᳨ウࡣ㠀⮫ᗋヨ㦂ẁ㝵࡟
࠾ࡅࡿᚲせ୙ྍḞ࡞ホ౯㡯┠ࡢ ࡘ࡛࠶ࡿ࡜ゝࡗ࡚ࡶ㐣ゝ࡛ࡣ࡞࠸ࠋᚑࡗ࡚ࠊ+E9࡜
ే⏝⸆㛫ࡢ┦஫స⏝ࢆホ౯ࡍࡿࡇ࡜ࡣᴟࡵ࡚㔜せࡔ࡜⪃࠼ࡽࢀࡿࠋ⸆≀┦஫స⏝ࡣ௦
ㅰ㐣⛬࡟࠾࠸࡚᭱ࡶほᐹࡉࢀࡿࡀࠊ+E9ࡣ୺࡟⫢⮚࡟ศᕸࡋ௦ㅰࢆཷࡅࡿࡓࡵࠊ+E9
኱㔞ᢞ୚᫬࡟ࡣపศᏊ་⸆ရࡢ௦ㅰࡢ୰ᚰࢆᢸ࠺⫢⮚࡟኱ࡁ࡞㈇Ⲵࡀ࠿࠿ࡿࠋᐇ㝿࡟ࠊ
+E9 ኱㔞ᢞ୚᫬࡟ࡣ୍㐣ᛶ࡟⫢ᶵ⬟࣐࣮࣮࡛࢝࠶ࡿ $67 ࠾ࡼࡧ $/7 ್ࡀୖ᪼ࡍࡿࡇ
࡜ࡀሗ࿌ࡉࢀ࡚࠸ࡿ  ࠋࡇࡢ஦ᐇࡣࠊ+E9 ࡀే⏝⸆ࡢ௦ㅰ࡟ᙳ㡪ࡍࡿࡇ࡜࡛ࠊ⸆≀
┦஫స⏝ࢆច㉳ࡍࡿྍ⬟ᛶࢆ༴᝹ࡉࡏࡿࠋࡋ࠿ࡋ࡞ࡀࡽࠊ+E9 ࡀే⏝⸆ࡢయෆືែ
࡟୚࠼ࡿᙳ㡪࡟ࡘ࠸࡚ヲ⣽࡟᳨ウࡉࢀࡓሗ࿌ࡣ࡞࠸ࠋࡑࡇ࡛ᮏ❶࡛ࡣࠊ⸆≀௦ㅰ࡛୰
ᚰⓗ࡞ᙺ๭ࢆᢸࡗ࡚࠸ࡿ⫢ &<3 ࡟╔┠ࡋࠊ+E9 ኱㔞ᢞ୚ࡀ &<3 ௦ㅰᆺ⸆≀ࡢయෆື
ែ࡟୚࠼ࡿᙳ㡪ࢆホ౯ࡋࡓࠋ᳨ウࢆ㛤ጞࡍࡿ࡟ᙜࡓࡾࠊࣛࢵࢺ࡟ᑐࡋ࡚ +E9 ࢆᢞ୚
ࡍࡿ⩌ࡢ࡯࠿࡟ࠊࢥࣥࢺ࣮ࣟࣝ⩌࡜ࡋ࡚ 6DOLQH ᢞ୚⩌ࢆࠊ㍺⾑ࣔࢹࣝ࡜ࡋ࡚ 35%&
⩌ࢆࡑࢀࡒࢀタࡅࡓࠋࡉࡽ࡟⪁໬㉥⾑⌫ࡣ⫢⮚ࡸ⭁⮚࡛ᤕᤊ௦ㅰࡉࢀࡸࡍࡃࠊࡑࡢศ
ゎ⤒㊰ࡀ +E9 ࡜ྠᵝࡔ࡜⪃࠼ࡽࢀ࡚࠸ࡿࡓࡵ  ࠊ㐣๫ࡢ +E ௦ㅰ࡟ࡼࡿᙳ㡪ࢆほᐹ
ࡍࡿࡓࡵ࡟ 35%& ⩌ࢆタࡅࡓࠋ 
 ึࡵ࡟ࠊ+E9 ᢞ୚ࡀ⫢⮚ &<3 ࢱࣥࣃࢡ㉁Ⓨ⌧㔞࡟୚࠼ࡿᙳ㡪ࢆศᏊ✀ู࡟⥙⨶ⓗ
࡟᳨ウࡍࡿࡓࡵࠊᢞ୚  ᫬㛫ᚋࡢ⫢࣑ࢡࣟࢯ࣮࣒ࡢࣉࣟࢸ࣮࣒࢜ゎᯒࢆ⾜ࡗࡓࠋᢳ
ฟࡉࢀࡓ  ࡢ &<3 ศᏊ✀࡟ࡘ࠸࡚ࠊࢱࣥࣃࢡ㉁࡜ࡋ࡚ࡢⓎ⌧㔞ࢆẚ㍑ࡋࠊ ಸ௨ୖ


ࡢቑῶࡀ㉳ࡇࡗࡓศᏊ✀ࢆᢳฟࡋࡓ⤖ᯝࠊ&<3'ࡢⓎ⌧㔞ࡀ᪂㩭㉥⾑⌫ᢞ୚⩌࡛ప
ୗࡋࠊ&<3&ࡢⓎ⌧㔞ࡀ᪂㩭㉥⾑⌫࠾ࡼࡧ +E9ᢞ୚⩌࡛ቑຍࡋ࡚࠸ࡓ  7DEOHࠋ
ゎᯒ⤖ᯝࢆಶయู࡟᳨ウࡍࡿ࡜ࠊ&<3 ' ࡟ࡘ࠸࡚ࡣྠ⩌ࡢಶయ㛫࡛ࡑࡢⓎ⌧࡟ 
ಸ௨ୖࡢᕪࡀᏑᅾࡋࠊ&<3& ࡟㛵ࡋ࡚ࡶྠ⩌ࡢಶయ㛫࡛  ಸࡢⓎ⌧ࡢኚືࡀ㉳
ࡇࡗ࡚࠸ࡓࠋࡉࡽ࡟ࠊู⣔⤫ࣛࢵࢺࡢሗ࿌࡛ࡣ࠶ࡿࡶࡢࡢࠊ⫢⮚࡟࠾ࡅࡿ &<3 &
ࡢࢱࣥࣃࢡ㉁Ⓨ⌧࡟ࡣ  ࡘࡢ VXESRSXODWLRQ ࡢᏑᅾࡀሗ࿌ࡉࢀ࡚࠸ࡿ  ࠋࡇࢀࡽࢆ຺
᱌ࡍࡿ࡜ࠊ&<3 ' ࠾ࡼࡧ & ࡛ぢࡽࢀࡓኚືࡣࠊᢞ୚ᾮࡢᙳ㡪࡜࠸࠺ࡼࡾࡶࡴࡋ
ࢁ኱ࡁ࡞ಶయᕪࡀཎᅉ࡛࠶ࡿྍ⬟ᛶࡀ♧၀ࡉࢀࡿࠋ୍᪉࡛ࠊୖグ  ศᏊ✀ࢆ㝖ࡃࡑࡢ
௚ࡢ &<3 ศᏊ✀࡟ࡘ࠸࡚ࡣࠊࡑࡢⓎ⌧㔞࡟๻ⓗ࡞ኚ໬ࡣぢࡽࢀ࡞࠿ࡗࡓࠋࡉࡽ࡟ࠊ
&<3 ࡢ୰࡛ࡶ⸆≀௦ㅰ࡜㛵㐃῝࠸  ศᏊ✀  &<3$&<3&&<3(&<3$
࡟╔┠ࡋࠊᢞ୚  ᫬㛫ᚋࡢ⫢࣑ࢡࣟࢯ࣮࣒୰ࢱࣥࣃࢡ㉁Ⓨ⌧㔞ࢆ ZHVWHUQ EORWWLQJ ࡟
ࡼࡗ࡚ホ౯ࡋࡓ⤖ᯝࠊ ศᏊ✀ࡢ࠸ࡎࢀ࡟ࡶᢞ୚⩌㛫࡛ࡢ᭷ព࡞ኚ໬ࡣぢࡽࢀ࡞࠿ࡗ
ࡓ  )LJ ࠋࡇࢀࡽࡢ⤖ᯝࢆ⥲ྜࡍࡿ࡜ࠊ+E9 ᢞ୚ࡀ⫢ &<3 ࢱࣥࣃࢡ㉁Ⓨ⌧㔞࡟୚
࠼ࡿᙳ㡪࡟ࡘ࠸࡚ࡣࠊᑡ࡞ࡃ࡜ࡶ +E9 ᢞ୚  ᫬㛫ᚋ࡟࠾࠸࡚ࡣᑠࡉ࠸࡜ุ᩿ࡉࢀࡓࠋ 
 ḟ࡟ࠊᢞ୚  ᫬㛫ᚋࡢ⫢⮚ࢆ᥇ྲྀࡋࠊ㑇ఏᏊⓎ⌧ࢆᕥྑࡍࡿ㔜せ࡞ᅉᏊ࡛࠶ࡿ
P51$ ࡢᏑᅾ㔞ࢆ &<3 ศᏊ✀࡟ࡘ࠸࡚ ᐃࡋࡓࠋࡑࡢ⤖ᯝࠊ㉥⾑⌫ᢞ୚⩌ࡣ 6DOLQH
⩌࡜ྠᵝࡢ P51$ Ⓨ⌧㔞ࢆ඲࡚ࡢศᏊ✀࡛♧ࡋࡓࡢ࡟ᑐࡋࠊ+E9 ᢞ୚⩌ࡣ  ศᏊ✀
඲࡚࡛᭷ព࡟ P51$ Ⓨ⌧㔞ࡀῶᑡࡋ࡚࠸ࡓ  )LJ ࠋࡇࡢ⤖ᯝࡣࠊ&<3 ࡢࢱࣥࣃࢡ
㉁࡜ࡋ࡚ࡢⓎ⌧㔞࡜ P51$ ࡜ࡋ࡚ࡢⓎ⌧㔞ࡀ┦㛵ࡋ࡞࠸ࡇ࡜ࢆព࿡ࡋ࡚࠸ࡿࠋ&<3
ࢱࣥࣃࢡ㉁ࡢࢱ࣮࣮ࣥ࢜ࣂ࣮㏿ᗘࡀ P51$ ࡢࡑࢀࡼࡾࡶⴭࡋࡃ㐜࠸ሙྜ࡟ࡣࠊ+E9
ᢞ୚  ᫬㛫ᚋ࡟⏕ࡌࡓ㑇ఏᏊ㌿෗࡛ࣞ࣋ࣝࡢ &<3 Ⓨ⌧ᢚไࡢᙳ㡪ࡀࠊࢱࣥࣃࢡ㉁Ⓨ
⌧㔞࡜ࡋ࡚ࡣ཯ᫎࡉࢀ࡞࠸ྍ⬟ᛶࡀ⪃࠼ࡽࢀࡿࠋ஦ᐇࠊ့ங⣽⬊࡟࠾ࡅࡿࢱࣥࣃࢡ㉁
ࡢ⣽⬊ෆ༙ῶᮇࡣ P51$ ࡢ⣽⬊ෆ༙ῶᮇࡼࡾࡶ㛗࠸ࡇ࡜ࡀ▱ࡽࢀ࡚࠸ࡿ  ࠋࡉࡽ
࡟ࠊࣄࢺ⫢⮚ &<3 ࡟࠾࠸࡚ࠊP51$ ࡜ࢱࣥࣃࢡ㉁㛫ࡢⓎ⌧㔞࡟┦㛵ᛶࡢஈࡋ࠸ศᏊ
✀ࡀᏑᅾࡍࡿࡇ࡜ࡀሗ࿌ࡉࢀ࡚࠸ࡿࡇ࡜࠿ࡽ  ࠊP51$ Ⓨ⌧㔞ࡢῶᑡࡀᚲࡎࡋࡶࢱ
ࣥࣃࢡ㉁࡜ࡋ࡚ࡢⓎ⌧㔞࡟ᙳ㡪ࢆ୚࠼ࡿ࡜ࡣゝ࠸ษࢀ࡞࠸ࠋࡇࢀࡽࢆ᫂ࡽ࠿࡟ࡍࡿࡓ
ࡵ࡟ࡣࠊ௒ᚋࠊ+E9 ᢞ୚ᚋࡢ⤒᫬ⓗ࡞ &<3 ࢱࣥࣃࢡ㉁࠾ࡼࡧ P51$ Ⓨ⌧㔞ࢆホ౯ࡍ
ࡿᚲせࡀ࠶ࡿ࡜⪃࠼ࡽࢀࡿࠋ 
 ࡉࡽ࡟ࠊ+E9 ᢞ୚ࡀ &<3 ௦ㅰᆺ⸆≀ࡢయෆືែ࡟ᙳ㡪ࢆ୚࠼ࡿ࠿ྰ࠿ࢆ᳨ウࡍࡿ
ࡓࡵ࡟ࠊ೺ᖖࣛࢵࢺ࡟ +E9 ࢆᢞ୚ࡋ࡚࠿ࡽ  ᫬㛫ᚋ࡟ &<3 ศᏊ✀≉␗ⓗ࡟௦ㅰࡉ
ࢀࡿ⸆≀ࢆΰྜࡋࡓ &<3 FRFNWDLO ࢆᢞ୚ࡋయෆືែヨ㦂ࢆ⾜ࡗࡓࠋࡑࡢ⤖ᯝࠊ㉥⾑⌫
ᢞ୚⩌ࡣ 6DOLQH⩌࡜ྠᵝࡢ⸆≀ືែࣃ࣓࣮ࣛࢱࢆ♧ࡋࡓࡇ࡜࡜ࡣᑐ↷ⓗ࡟ࠊ+E9ᢞ୚


⩌ࡣ 7ࡢᘏ㛗ࡸ $8& ࡢቑຍࠊ&/WRWࡢῶᑡഴྥࡀほᐹࡉࢀࠊ&<3 ௦ㅰᆺ⸆≀ࡢᾘኻ
㑄ᘏࢆᘬࡁ㉳ࡇࡋࡓ  )LJ  7DEOH ࠋཌ⏕ປാ┬࡟ࡼࡾබ⾲ࡉࢀ࡚࠸ࡿࠕ་⸆ရ㛤
Ⓨ࡜㐺ṇ࡞᝟ሗᥦ౪ࡢࡓࡵࡢ⸆≀┦஫స⏝࢞࢖ࢻࣛ࢖ࣥ  ᭱⤊᱌ ࡛ࠖࡣࠊ⸆≀ᾘኻ
࡟㝿ࡋ࡚≉ᐃࡢ &<3ศᏊ✀࡟ࡼࡿ௦ㅰࡢᐤ୚ࡀ኱ࡁ࠸ FDIIHLQHࡸ PLGD]RODPࡢࡼ࠺࡞
⸆≀  ┦஫స⏝ࢆཷࡅࡸࡍ࠸ᇶ㉁⸆ࡢ $8& ࢆ  ಸ௨ୖ࡟ୖ᪼ࡉࡏࡿ⿕㦂⸆ࢆࠕᙉ
࠸㜼ᐖ⸆ࠖࠊ ಸ௨ୖ  ಸᮍ‶࡟ୖ᪼ࡉࡏࡿ⿕㦂⸆ࢆࠕ୰⛬ᗘࡢ㜼ᐖ⸆ࠖࠊ ಸ௨
ୖ  ಸᮍ‶࡟ୖ᪼ࡉࡏࡿ⿕㦂⸆ࢆࠕᙅ࠸㜼ᐖ⸆ࠖ࡜ᐃ⩏ࡋ࡚࠸ࡿ  ࠋ+E9 ᢞ୚࡟ࡼ
ࡿ⸆≀ࡢᾘኻ㑄ᘏࡢ⛬ᗘࡣ⸆≀✀࡟ࡼࡗ࡚␗࡞ࡗ࡚࠸ࡿࡶࡢࡢࠊ&<3 FRFNWDLO ୰ࡢྛ
⸆≀ࡢ $8& ࡣࠊ6DOLQH ⩌࡜ẚ㍑ࡋ࡚⣙ ± ಸ࡛࠶ࡗࡓࠋᮏᐇ㦂⤖ᯝࢆ࢞࢖ࢻࣛ࢖
࡛ࣥ♧ࡉࢀࡓᇶ‽࡜↷ࡽࡋྜࢃࡏࡿ࡜ࠊ+E9 ࡀᾘኻ㑄ᘏ࡟ཬࡰࡍᙳ㡪ࡣᙅ࠸ࡶࡢ࡛
࠶ࡿ࡜⪃࠼ࡽࢀࠊ⮫ᗋୖ኱ࡁ࡞ၥ㢟࡜࡞ࡿྍ⬟ᛶࡣప࠸࡜᥎ᐹࡉࢀࡿࠋ 
 ୖ㏙ࡋࡓࡼ࠺࡟ +E9 ࡀ &<3 ௦ㅰᆺ⸆≀ࡢయෆືែ࡟୚࠼ࡿᙳ㡪ࡢ⛬ᗘࡣᙅ࠸ࡶࡢ
ࡢࠊࡑࡢཎᅉࢆ᫂ࡽ࠿࡟ࡍࡿࡇ࡜ࡣ +E9 ࡢᏳ඲ᛶホ౯ࡢほⅬ࠿ࡽ㔜せ࡛࠶ࡿࠋࡑࡇ
࡛ࠊ+E9 ᢞ୚ࡀ &<3FRFNWDLO ࡢศᕸ࠶ࡿ࠸ࡣ௦ㅰ㐣⛬࡟ᙳ㡪ࡍࡿྍ⬟ᛶࢆ᳨ウࡋࡓࠋ
ࡲࡎࠊ+E9 ࡜ &<3 FRFNWDLO 㛫ࡢ྾╔➼ࡢ┤᥋ⓗ࡞⸆≀┦஫స⏝ࢆ in vitro ᳨࡛ウࡋࡓ
࡜ࡇࢁࠊ+E9 ࡢΰྜẚࢆቑࡍࡈ࡜࡟⾑₢࠿ࡽࡢ⸆≀ᅇ཰㔞ࡀῶᑡࡋࡓࡀࠊྠᵝࡢ⌧
㇟ࡣ㉥⾑⌫ῧຍ᫬࡟ࡶྠ⛬ᗘ࡟㉳ࡇࡗ࡚࠸ࡓ  )LJ ࠋࡇࡢ⤖ᯝࡼࡾࠊ+E9±⸆≀㛫
ࡢ┤᥋ⓗ┦஫స⏝ࡀ &<3 FRFNWDLO ࡢయෆືែࢆኚ໬ࡉࡏࡿ୺ᅉ࡛࠶ࡿ࡞ࡽࡤࠊ㉥⾑⌫
ᢞ୚⩌ࡶ +E9 ᢞ୚⩌࡜ྠ⛬ᗘ࡟ &<3 FRFNWDLO ࡢయෆືែ࡟ᙳ㡪ࢆཷࡅࡿ࡜ண᝿ࡉࢀ
ࡿࠋࡋ࠿ࡋ࡞ࡀࡽࠊ&<3 FRFNWDLO ࡢయෆືែヨ㦂࡟࠾࠸࡚ࠊ㉥⾑⌫ᢞ୚⩌ࡣ⸆≀ᾘኻ
ࡢ㑄ᘏ➼ࡢኚ໬ࡣ♧ࡋ࡚࠸࡞࠸  7DEOH ࠋᚑࡗ࡚ࠊᑡ࡞ࡃ࡜ࡶᮏ❶࡛⏝࠸ࡓ &<3
FRFNWDLO ୰ࡢ  ✀ࡢ⸆≀࡟࠾࠸࡚ࡣࠊ+E9 ࡛ࡢ⾑୰࡛ࡢ┤᥋ⓗ࡞⸆≀┦஫స⏝ࡀ &<3
FRFNWDLOࡢయෆືែ࡟୚࠼ࡿᙳ㡪ࡣᑠࡉ࠸࡜᥎ᐹࡉࢀࡿࠋࡑࡇ࡛ḟ࡟ࠊ+E9 ࡀ &<3 ࡢ
௦ㅰ㐣⛬࡟୚࠼ࡿᙳ㡪ࢆ௦ㅰάᛶࡢഃ㠃࠿ࡽ᳨ウࢆ⾜ࡗࡓ࡜ࡇࢁࠊ+E9 ᢞ୚  ᫬㛫
ᚋࡢ⫢࣑ࢡࣟࢯ࣮࣒࡟࠾࠸࡚ࠊ඲࡚ࡢ &<3 ศᏊ✀  &<3 $ &<3 & &<3 (
&<3 $࡟ࡘ࠸࡚௦ㅰάᛶࡢపୗࡀほᐹࡉࢀࡓ  )LJ ࠋຍ࠼࡚ࠊෆ㒊࡟ +E ࢆྵ
ࡲ࡞࠸✵ᑠ⬊య࡛ࡶྠᵝ࡟௦ㅰάᛶࡢపୗࡀ☜ㄆࡉࢀࡓࡇ࡜࠿ࡽ  )LJ ࠊ+E9 ᢞ
୚࡟ࡼࡿ &<3 FRFNWDLO ᾘኻ㑄ᘏࡢ୍ᅉ࡟ࡣࠊ+E9 ࡢ⬡㉁⭷ᡂศࡢᙳ㡪࡟ࡼࡿ &<3 ௦
ㅰάᛶࡢపୗࡀᐤ୚ࡋ࡚࠸ࡿྍ⬟ᛶࡀ♧၀ࡉࢀࡿࠋ+E9 ࡢ⬡㉁⭷ࡀ &<3 ࡟ཬࡰࡍᙳ
㡪ࡢヲ⣽ࡣ୙࡛᫂࠶ࡿࡀࠊࣜࣥ⬡㉁ࡸࢥࣞࢫࢸ࣮ࣟࣝࡀ &<3 ࡢάᛶ࡟ᙳ㡪ࡍࡿࡇ࡜
ࢆ♧၀ࡍࡿሗ࿌ࡀ࡞ࡉࢀ࡚࠸ࡿ  ࠋ௒ᚋࠊ+E9 ࡀ &<3 άᛶ࡟୚࠼ࡿᙳ㡪ࢆ⬡㉁⭷
ᡂศู࡟᳨ウࡍࡿࡇ࡜ࡀᚲせࡔ࡜⪃࠼ࡽࢀࡿࠋ 


 ᭱ᚋ࡟ࠊ+E9 ᢞ୚ࡀ &<3 ࡟୚࠼ࡿ㛗ᮇⓗ࡞ᙳ㡪ࢆ᳨ウࡍࡿࡓࡵࠊ+E9 ᢞ୚  㐌㛫
ᚋࡢ⫢⮚࡟࠾ࡅࡿ &<3 ศᏊ✀ู P51$ Ⓨ⌧㔞࠾ࡼࡧ &<3 ࡢ௦ㅰάᛶࠊ&<3 FRFNWDLO
యෆືែヨ㦂ࢆ⾜ࡗࡓ࡜ࡇࢁࠊ+E9 ᢞ୚  ᫬㛫ᚋ࡟ほᐹࡉࢀࡓኚ໬ࡣᅇ᚟ഴྥࢆ♧
ࡋ࡚࠸ࡓ  )LJ  7DEOH ࠋࡇࡢࡇ࡜࠿ࡽࠊ+E9 ࡀ &<3 ࡢⓎ⌧ࡸᶵ⬟࡟୚࠼ࡿᙳ
㡪ࡣ୍㐣ᛶ࡛࠶ࡿ࡜⪃࠼ࡽࢀࡿࠋ 
 ࡇࢀࡽࡢ⤖ᯝࢆ⥲ྜࡍࡿ࡜ࠊ+E9 ࡢ኱㔞ᢞ୚᫬࡟ &<3 ௦ㅰᆺ⸆≀ࢆే⏝ࡍࡿ࡜ࠊ
+E9 ࡟ࡼࡾ &<3 ௦ㅰάᛶࢆపୗࡉࡏࡿࡇ࡜࡛ &<3 ௦ㅰᆺ⸆≀ࡢ௦ㅰ㑄ᘏࢆᘬࡁ㉳ࡇ
ࡍྍ⬟ᛶࡀ♧၀ࡉࢀࡿࡶࡢࡢࠊࡑࡢ௦ㅰᢚไస⏝ࡣᙅࡃࠊ&<3 ௦ㅰᆺ⸆≀ࡢయෆື
ែ࡟୚࠼ࡿᙳ㡪ࡣᑠࡉ࠸࡜⪃࠼ࡽࢀࡿࠋࡲࡓࠊ+E9 ᢞ୚࡟ࡼࡿ &<3 άᛶࡢᢚไࡣ୍
㐣ᛶ࡛࠶ࡾࠊ㛗ᮇⓗ࡞ᙳ㡪ࡣ࡞࠸࡜⪃࠼ࡽࢀࡿࠋᚑࡗ࡚⮫ᗋ࡟࠾࠸࡚ +E9 ࢆ฼⏝ࡍ
ࡿ㝿࡟ࡣࠊ⾑୰⃰ᗘ⟶⌮ࢆ≉࡟ᚲせ࡜ࡍࡿ &<3 ௦ㅰᆺ⸆≀ࡢᢞ୚࡟ࡣ㓄៖ࢆせࡍࡿ
ࡶࡢࡢࠊ୍᫬ⓗ࡞⸆≀ᢞ୚㔞ࡸᢞ୚㛫㝸ࡢㄪᩚ࡟ࡼࡗ࡚༑ศ࡟ᑐᛂྍ⬟࡛࠶ࡿ࡜᥎ᐹ
ࡉࢀࡿࠋ 
 


➨⠇ ᑠᣓ 

 ᮏ❶࡛ࡣࠊ+E9 ࡢ⸆≀┦஫స⏝ࢆホ౯ࡍࡿ࡟࠶ࡓࡾࠊ⸆≀௦ㅰ࡟࠾࠸࡚୺せ࡞ᙺ
๭ࢆᯝࡓࡋ࡚࠸ࡿ⫢ &<3࡟╔┠ࡋࠊ೺ᖖࣛࢵࢺ࡟ +E9ࢆ኱㔞ᢞ୚ᚋࡢ &<3௦ㅰᆺ⸆
≀ࡢయෆືែ࡟୚࠼ࡿᙳ㡪࡟ࡘ࠸᳨࡚ウࡋࡓࠋ 
 ௨ୗ࡟ᚓࡽࢀࡓ▱ぢࢆせ⣙ࡍࡿࠋ 

 /&0606 ࢆ⏝࠸ࡓࣉࣟࢸ࣮࣒࢜ゎᯒ࡟ࡼࡗ࡚ +E9 ኱㔞ᢞ୚  ᫬㛫ᚋࡢ⫢࣑ࢡ
ࣟࢯ࣮࣒୰ࡢ &<3ศᏊ✀ูࢱࣥࣃࢡ㉁Ⓨ⌧㔞ࢆ⥙⨶ⓗ࡟᳨ウࡋࡓࠋࡑࡢ⤖ᯝࠊ᳨
ฟࡉࢀࡓ  ࡢ &<3 ศᏊ✀ࡢ࡯࡜ࢇ࡝ࡀ 6DOLQH ࠾ࡼࡧ㉥⾑⌫ᢞ୚᫬࡜ẚ㍑ࡋ࡚኱
ࡁ࡞Ⓨ⌧ኚືࢆㄆࡵ࡞࠿ࡗࡓࠋࡇࡢࡇ࡜ࡣࠊ⸆≀௦ㅰ࡟㛵୚ࡍࡿ &<3ࡢ୺せศᏊ
✀  &<3$&<3&&<3(&<3$ ࡢ ZHVWHUQEORWWLQJ ࡟ࡼࡗ࡚ࡶ☜ㄆࡉ
ࢀࡓࠋ 

 +E9 ኱㔞ᢞ୚  ᫬㛫ᚋࡢ⫢⮚࡟࠾ࡅࡿ &<3 ศᏊ✀ࡢ P51$ Ⓨ⌧㔞ࢆ ᐃࡋࡓ
࡜ࡇࢁࠊ6DOLQH ࡸ㉥⾑⌫ᢞ୚⩌࡜ẚ㍑ࡋ࡚᭷ព࡞Ⓨ⌧㔞పୗࢆㄆࡵࡓࠋ 

 +E9 ኱㔞ᢞ୚  ᫬㛫ᚋ࡟ࠊ&<3$&<3&&<3(&<3$ ≉␗ⓗ࡟௦ㅰ
ࡉࢀࡿ⸆≀࡜ࡋ࡚ࡑࢀࡒࢀ FDIIHLQH WROEXWDPLGH FKORU]R[D]RQH PLGD]RODP ࢆΰྜ
ࡋࡓ &<3 FRFNWDLO ࢆᢞ୚ࡋࠊࡑࡢయෆືែࢆ᳨ウࡋࡓࠋࡑࡢ⤖ᯝࠊ6DOLQH ࡸ㉥⾑
⌫ᢞ୚᫬࡜ẚ㍑ࡋ࡚ 7ࡢᘏ㛗ࡸ $8& ࡢቑ኱ࠊ&/WRWࡢపୗࡀぢࡽࢀࡓࠋ 

 +E9 ࢆΰྜࡋࡓࣛࢵࢺ⾑₢࡟ &<3 FRFNWDLO ࢆῧຍࡋࠊ྾╔ࡸྲྀࡾ㎸ࡳ➼ࡢ┤᥋ⓗ
┦஫స⏝ࢆホ౯ࡋࡓ⤖ᯝࠊ+E9 ࡢῧຍ㔞౫Ꮡⓗ࡟⾑₢୰ࡢྛ⸆≀ṧᏑ㔞ࡢపୗࡀ
ほᐹࡉࢀࡓࠋࡋ࠿ࡋ࡞ࡀࡽࠊ㉥⾑⌫࡜ &<3 FRFNWDLO ࢆΰྜࡋࡓሙྜ࡟࠾࠸࡚ࡶ
+E9 ῧຍ᫬࡜ྠ⛬ᗘࡢ┦஫స⏝  ྾╔ࡸྲྀࡾ㎸ࡳ➼ࢆ♧ࡋࡓࠋ 

 +E9 ኱㔞ᢞ୚  ᫬㛫ᚋࡢ࣑ࢡࣟࢯ࣮࣒࡟ࡘ࠸࡚ࠊ&<3 ศᏊ✀ࡢ௦ㅰάᛶࢆ in 
vitro ࡛ホ౯ࡋࡓ࡜ࡇࢁࠊ6DOLQH ࡸ㉥⾑⌫ᢞ୚⩌࡜ẚ㍑ࡋ࡚ࡍ࡭࡚ࡢศᏊ✀࡛άᛶ
ࡢపୗࡀほᐹࡉࢀࡓࠋ 



 ࣏ࣜࢯ࣮࣒ෆ㒊࡟ +E ࢆྵࡲ࡞࠸✵ᑠ⬊యࢆࣛࢵࢺ࡟ᢞ୚ࡋࠊ ᫬㛫ᚋࡢ⫢⮚୰
&<3ศᏊ✀ P51$Ⓨ⌧㔞࠾ࡼࡧ⫢࣑ࢡࣟࢯ࣮࣒ &<3௦ㅰάᛶࡢホ౯ࢆ⾜ࡗࡓࠋ
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࡚࠸ࡿⅬࢆ⪃࠼ྜࢃࡏࡿ࡜ࠊฟ⾑ᛶࢩࣙࢵࢡ࡟ᑐࡍࡿ +E9 ㍺⾑ࡣ &<3 ࡢ㑇ఏᏊⓎ⌧
࡟ᙉ࠸ᢚไࢆᘬࡁ㉳ࡇࡍྍ⬟ᛶࢆணᮇࡉࡏࡿࡓࡵࠊ௒ᚋࡢ㔜せ࡞᳨ウ㡯┠ࡔ࡜⪃࠼ࡽ
ࢀࡿࠋ 
 ⥆࠸࡚ࠊฟ⾑ᛶࢩࣙࢵࢡ࡟ᑐࡍࡿ +E9 ㍺⾑ࡀ &<3 ௦ㅰᆺ⸆≀ࡢయෆືែ࡟୚࠼ࡿ
ᙳ㡪ࢆ᳨ウࡍࡿࡓࡵࠊ⸽⏕ ᫬㛫ᚋ࡟ &<3ศᏊ✀≉␗ⓗ࡟௦ㅰࡉࢀࡿ⸆≀⩌ࡢ &<3
FRFNWDLO ࢆᢞ୚ࡋࠊྛ⸆≀ࡢయෆືែࢆホ౯ࡋࡓࠋࡑࡢ⤖ᯝࠊVKDP ⩌࡜ẚ㍑ࡍࡿ࡜඲
࡚ࡢ㍺⾑⩌࡛ 7ࡢᘏ㛗ࡸ $8&ࡢቑຍࡀほᐹࡉࢀ  )LJ7DEOHࠊ&<3ࢱࣥࣃࢡ㉁
Ⓨ⌧ࡢῶᑡࢆ཯ᫎࡋ࡚ &<3 ௦ㅰᆺ⸆≀ࡢ௦ㅰ㑄ᘏࡀច㉳ࡉࢀࡓ࡜⪃࠼ࡽࢀࡓࠋࡉࡽ
࡟ࠊ+E9 ⩌࡛ࡣ VKDP ⩌ࡔࡅ࡛ࡣ࡞ࡃ㉥⾑⌫㍺⾑⩌࡜ẚ㍑ࡋ࡚ࡶ⸆≀ᾘኻ㑄ᘏഴྥࢆ
♧ࡋ࡚࠸ࡓࠋ+E9 ᢞ୚ࡀ &<3 ௦ㅰάᛶ࡟ᙳ㡪ࡋ࡚ &<3 ௦ㅰᆺ⸆≀ࡢᾘኻ㑄ᘏࢆច㉳
ࡍࡿࡇ࡜ࡣࠊࡍ࡛࡟೺ᖖࣛࢵࢺࢆ⏝࠸ࡓ᳨ウ  ➨  ❶࡟ࡼࡗ࡚᫂ࡽ࠿࡜࡞ࡗ࡚࠸ࡿࠋ
ࡑࡢࡓࡵࠊฟ⾑ᛶࢩࣙࢵࢡࣔࢹࣝࣛࢵࢺ࡟ᑐࡍࡿ +E9 ㍺⾑ࡣࠊ&<3 ࢱࣥࣃࢡ㉁Ⓨ⌧
㔞࡜௦ㅰάᛶࡢ୧㠃࡟ᙳ㡪ࡋࠊ&<3 ௦ㅰᆺ⸆≀ࡢᾘኻࢆࡼࡾ୍ᒙ㑄ᘏࡉࡏࡓྍ⬟ᛶ
ࡀᙉࡃ␲ࢃࢀࡓࠋࡇࡢࡇ࡜ࢆ☜ㄆࡍ࡭ࡃࠊ⸽⏕  ᫬㛫ᚋ࡟᥇ྲྀࡋࡓ⫢࣑ࢡࣟࢯ࣮࣒
ࢆ⏝࠸ࡓ in vitro௦ㅰάᛶヨ㦂ࢆ⾜ࡗࡓ࡜ࡇࢁࠊ+E9⩌࡟࠾࠸࡚ࡣ VKDP⩌ࡔࡅ࡛࡞ࡃ
㉥⾑⌫㍺⾑⩌࡜ẚ㍑ࡋ࡚ࡶࠊ&<3 ศᏊ✀඲࡚࡟ࡘ࠸࡚௦ㅰ≀⏕ᡂ㔞ࡢ᭷ព࡞ῶᑡࡀ
ほᐹࡉࢀࡓ  )LJ ࠋࡍ࡞ࢃࡕࠊ+E9 ࡢ኱㔞ᢞ୚ࡣࠊ೺ᖖ᫬ࡔࡅ࡛࡞ࡃฟ⾑ᛶࢩࣙ
ࢵࢡ᫬࡟࠾࠸࡚ࡶ &<3 άᛶ࡟ᙳ㡪ࡍࡿࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋ 


 ࡇࢀࡽࡢ⤖ᯝ࠿ࡽࠊ኱㔞ฟ⾑᫬࡟࠾ࡅࡿ +E9 ㍺⾑ࡣࠊ⫢ &<3 ࢱࣥࣃࢡ㉁Ⓨ⌧㔞ࡢ
పୗ࡟ຍ࠼࡚ࠊ&<3 ௦ㅰάᛶࡢపୗࡢ  Ⅼࡢᶵᗎࡀ┦ຍⓗ࡟㔜࡞ࡾࠊ&<3 ௦ㅰᆺ⸆
≀ࡢᾘኻࢆ㑄ᘏࡉࡏࡿྍ⬟ᛶࡀ♧၀ࡉࢀࡓࠋࡇࡇ࡛ࠊ&<3 ࢱࣥࣃࢡ㉁Ⓨ⌧㔞ࡢపୗ
࡟㛵ࡋ࡚ࡣ㉥⾑⌫㍺⾑᫬࡟࠾࠸࡚ࡶྠ⛬ᗘ࡟☜ㄆࡉࢀࡓࡓࡵࠊࡇࡢ⌧㇟ࡣ +E9 〇๣
ࡑࡢࡶࡢࡢᙳ㡪࡛ࡣ࡞ࡃࠊ㓟⣲㐠ᦙ⬟ࡢ㧗࠸⸽⏕ᾮࡢᢞ୚࡟క࠺⫢⹫⾑෌℺ὶ㞀ᐖ࡟
㉳ᅉࡋ࡚࠸ࡿ࡜⪃࠼ࡽࢀࡓࠋᚑࡗ࡚ࠊ+E9 ࡢ⮫ᗋᛂ⏝᫬࡟࠾࠸࡚ࡣࠊᙜ↛ࡢࡇ࡜࡞
ࡀࡽࠊ⑓ែࡀཬࡰࡍᙳ㡪࡜ +E9 ࡀཬࡰࡍᙳ㡪ࡢ୧㠃ࢆ⪃៖ࡋࡓᢞ୚タィࡀᚲせ࡟࡞
ࡿ࡜⪃࠼ࡽࢀࡓࠋ 
 


➨⠇ ᑠᣓ 

 ᮏ❶࡛ࡣࠊ+E9 ࡢ⸆≀┦஫స⏝ࡢホ౯࡟㝿ࡋࠊ⮫ᗋᛂ⏝᫬ࡢ㐺ᛂ⑌ᝈ࡜⪃࠼ࡽࢀ
ࡿฟ⾑ᛶࢩࣙࢵࢡࣔࢹࣝࣛࢵࢺ࡟ᑐࡍࡿ +E9 ㍺⾑ࡀ⫢ &<3 ௦ㅰᆺ⸆≀ࡢయෆືែ࡟
ཬࡰࡍᙳ㡪ࢆ᳨ウࡋࡓࠋ 
 ௨ୗ࡟ᚓࡽࢀࡓ▱ぢࢆせ⣙ࡍࡿࠋ 

 ฟ⾑ᛶࢩࣙࢵࢡࣔࢹࣝࣛࢵࢺ࡟ᑐࡋ࡚ +E9 ࡲࡓࡣ㉥⾑⌫㍺⾑ࢆ᪋ࡋࠊ⸽⏕  ᫬
㛫ᚋࡢ⫢࣑ࢡࣟࢯ࣮࣒୰ࡢ &<3ศᏊ✀ูࢱࣥࣃࢡ㉁Ⓨ⌧㔞ࢆࣉࣟࢸ࣮࣒࢜ゎᯒ࡟
ࡼࡗ࡚⥙⨶ⓗ࡟᳨ウࡋࡓࠋࡑࡢ⤖ᯝࢆ VKDP ⩌࡜ẚ㍑ࡍࡿ࡜ࠊ+E9 ㍺⾑⩌࡛ &<3
ศᏊ✀ࡢ඲⯡ⓗ࡞Ⓨ⌧㔞పୗࡀほᐹࡉࢀࡓࡶࡢࡢࠊྠᵝࡢపୗࡣ +E9㍺⾑⩌ࡔࡅ
࡛ࡣ࡞ࡃ㉥⾑⌫㍺⾑⩌࡟࠾࠸࡚ࡶ☜ㄆࡉࢀࡓࠋ 

 +E9 ࠶ࡿ࠸ࡣ㉥⾑⌫㍺⾑࡟ࡼࡿ⸽⏕  ᫬㛫ᚋࡢ⫢࣑ࢡࣟࢯ࣮࣒࡟ࡘ࠸࡚ࠊ⸆≀
௦ㅰ࡟୺せ࡟㛵୚ࡍࡿ &<3 ศᏊ✀  &<3$&<3&&<3(&<3$ࡢ
ZHVWHUQEORWWLQJࢆ⾜࠸ࠊࡑࡢ⤖ᯝࢆ VKDP⩌࡜ẚ㍑ࡋࡓ࡜ࡇࢁࠊ඲࡚ࡢศᏊ✀࡟࠾
࠸࡚ࢱࣥࣃࢡ㉁Ⓨ⌧㔞ࡢపୗࡀ☜ㄆࡉࢀࡓࠋ 

 +E9 ࠶ࡿ࠸ࡣ㉥⾑⌫㍺⾑࡟ࡼࡿ⸽⏕  ᫬㛫ᚋࡢࣛࢵࢺ࡟ᑐࡋ࡚ࠊ&<3 $ &<3
& &<3 ( &<3 $ ࠿ࡽ≉␗ⓗ࡟௦ㅰࢆཷࡅࡿ⸆≀  FDIIHLQH WROEXWDPLGH
FKORU]R[D]RQH PLGD]RODPࢆΰྜࡋࡓ &<3 FRFNWDLO ࢆᢞ୚ࡋࠊࡑࡢయෆືែࢆ᳨
ウࡋࡓࠋࡑࡢ⤖ᯝࠊVKDP⩌࡜ẚ㍑ࡋ࡚඲࡚ࡢ㍺⾑⩌࡛ྛ⸆≀ࡢᾘኻࡀ㑄ᘏࡋࡓࠋ
ࡉࡽ࡟ࠊ+E9 ㍺⾑⩌࡟࠾࠸࡚ࡣ㉥⾑⌫㍺⾑⩌ࡼࡾࡶᙉ࠸⸆≀ᾘኻ㑄ᘏࢆ♧ࡋࡓࠋ 

 +E9 ࠶ࡿ࠸ࡣ㉥⾑⌫㍺⾑࡟ࡼࡿ⸽⏕  ᫬㛫ᚋࡢ⫢࣑ࢡࣟࢯ࣮࣒࡟ࡘ࠸࡚ࠊ&<3
ศᏊ✀ࡢ௦ㅰάᛶࢆ in vitro ࡟࡚ホ౯ࡋࡓࠋࡑࡢ⤖ᯝࠊ+E9 ㍺⾑⩌࡛ࡣ௚ࡢ⩌࡜
ẚ㍑ࡋ࡚ࠊࡍ࡭࡚ࡢศᏊ✀࡟ࡘ࠸࡚௦ㅰάᛶࡢపୗࡀほᐹࡉࢀࡓࠋ  

 ௨ୖࡢ▱ぢ࠿ࡽࠊ኱㔞ฟ⾑᫬࡟࠾ࡅࡿ +E9 ㍺⾑ࡣࠊ⫢ &<3 ࢱࣥࣃࢡ㉁Ⓨ⌧㔞ࡢప
ୗࢆᘬࡁ㉳ࡇࡍࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋࡉࡽ࡟ࠊ+E9 ࡟ࡼࡿ⫢ &<3 ௦ㅰάᛶࡢపୗ
࡟ࡘ࠸࡚ࡶ೺ᖖᢞ୚᫬࡜ྠᵝ࡟㉳ࡇࡗ࡚࠾ࡾࠊࡇࢀࡽ  ⅬࡢᅉᏊ࡟ࡼࡗ࡚ &<3 ௦ㅰ


ᆺ⸆≀ࡢᾘኻࢆ㑄ᘏࡉࡏࡿྍ⬟ᛶࡀᙉࡃ♧၀ࡉࢀࡓࠋࡇࢀࡽࡢ⤖ᯝࡣࠊ+E9 ࡢ⮫ᗋ
ᛂ⏝᫬࡟ &<3 ௦ㅰᆺ⸆≀ࢆే⏝ࡍࡿ㝿ࡢ᭷⏝࡞▱ぢ࡜࡞ࡿ࡜⪃࠼ࡽࢀࡿࠋ 
 


➨❶ ⥲ᣓ 

 ㉥⾑⌫㍺⾑ࡣ⌧௦་⒪࡟࠾࠸࡚ࡶḞ࠿ࡏ࡞࠸἞⒪ἲ࡜ࡋ࡚☜❧ࡋ࡚࠸ࡿࡶࡢࡢࠊ〇
๣ࡢಖᏑᮇ㛫ࡢ▷ࡉࡸឤᰁ※ΰධࡢࣜࢫࢡࠊ♫఍᝟ໃࡢኚ໬࡟ࡼࡿ㟂せ౪⤥ࣂࣛࣥࢫ
ࡢ୙Ᏻᐃᛶ➼ࡢ₯ᅾⓗ࡞ㄢ㢟ࢆᢪ࠼࡚࠸ࡿࠋࡇࡢࡼ࠺࡞⫼ᬒࢆ㚷ࡳࠊ⣽⬊ᆺ +%2&V
࡜ࡋ࡚◊✲㛤Ⓨࡀ㐍ࡵࡽࢀ࡚࠸ࡿ +E9ࡣࠊࣄࢺ㉥⾑⌫࠿ࡽᢳฟ⢭〇ࡉࢀࡓ +Eࢆ㧗⃰
ᗘ࡟⬡㉁஧㔜⭷࡟ෆໟࡋࡓ࣏ࣜࢯ࣮࣒ᆺேᕤ㓟⣲㐠ᦙయ࡛࠶ࡾࠊࡇࢀࡲ࡛ࡢሗ࿌࠿ࡽ
ேᕤ㉥⾑⌫࡜ࡋ࡚ࡢඃࢀࡓ〇๣ⓗ≉ᚩ࡟ຍ࠼ࠊ㧗࠸᭷ຠᛶ࡜Ᏻ඲ᛶࢆేࡏᣢࡘࡇ࡜ࡀ
᫂ࡽ࠿࡟࡞ࡗ࡚࠸ࡿࠋࡑࡢࡓࡵ +E9 ࡣࠊ⌧≧ࡢ㍺⾑±⊩⾑ࢩࢫࢸ࣒ࡀᢪ࠼ࡿ✀ࠎࡢၥ
㢟ࢆ⿵᏶ࡍࡿேᕤ㉥⾑⌫〇๣࡜ࡋ࡚ࠊࡑࡢ⮫ᗋᛂ⏝࡟኱ࡁ࡞ᮇᚅࡀᐤࡏࡽࢀ࡚࠸ࡿࠋ
+E9 ࡢேᕤ㉥⾑⌫〇๣࡜ࡋ࡚ࡢᐇ⏝໬࡟࠶ࡓࡗ࡚ࡣࠊ㠀⮫ᗋヨ㦂ࡸ⮫ᗋヨ㦂࡜࠸ࡗ
ࡓከࡃࡢẁ㝵ࢆ⤒࡚᭷ຠᛶ࡜Ᏻ඲ᛶࢆ☜❧ࡍࡿᚲせࡀ࠶ࡿࠋຍ࠼࡚ࠊேᕤ㉥⾑⌫〇๣
ࡣ୍⯡ⓗ࡞་⸆ရ࡜ࡣᛶ㉁ࢆ␗࡟ࡋ࡚࠾ࡾࠊ඲ࡃ᪂ࡋ࠸〇๣࡜ࡋ࡚ࡢᴫᛕࢆᛕ㢌࡟㛤
Ⓨࢆ㐍ࡵࡿᚲせࡀ࠶ࡿࡇ࡜࠿ࡽࠊࡼࡾከ㠃ⓗ࠿ࡘඛぢⓗ࡞ヨ㦂ࡀồࡵࡽࢀࡿࠋ 
 ᮏ◊✲࡛ࡣࠊ+E9 ࡢ⮫ᗋヨ㦂ᐇ᪋࡟ྥࡅࡓᇶ♏ⓗࢹ࣮ࢱࡢ཰㞟ࢆ┠ⓗ࡜ࡋࠊࡑࡢ
Ᏻ඲ᛶ࡜᭷ຠᛶࢆከゅⓗ࡞ほⅬ࠿ࡽホ౯ࡋࡓࠋࡲࡎࠊ➨  ❶࡟࠾࠸࡚ࡣࠊฟ⾑ᛶࢩࣙ
ࢵࢡࣔࢹࣝࣛࢵࢺࢆ⏝࠸࡚ࠊ+E9 ࡢ㛗ᮇಖᏑ〇๣ࡢ⸽⏕ຠᯝ࡜୺せ⮚ჾ࡟ᑐࡍࡿ㞀
ᐖᛶࢆホ౯ࡋࡓࠋḟ࡟ࠊ➨ ❶࡛ࡣࠊ+E9࡜ే⏝⸆ࡢ⸆≀ືែⓗ┦஫స⏝ࡢ᳨ウࢆ⾜
࠺ࡓࡵࠊ೺ᖖࣛࢵࢺ࡟࠾ࡅࡿ +E9 ኱㔞ᢞ୚ࡀే⏝⸆ࡢయෆືែ࡟୚࠼ࡿᙳ㡪࡟ࡘ࠸
࡚ࠊ⸆≀௦ㅰࡢ୰ᚰⓗ࡞ᙺ๭ࢆᢸ࠺⫢ &<3 ࡟╔┠ࡋ࡚ホ౯ࢆ⾜ࡗࡓࠋ᭱ᚋ࡟ࠊ➨ 
❶࡛ࡣࠊฟ⾑ᛶࢩࣙࢵࢡࣔࢹࣝࣛࢵࢺ࡟ +E9 ㍺⾑ࢆ᪋ࡋࠊ⸽⏕ᚋࡢ⫢ &<3 ௦ㅰᆺ⸆
≀ࡢయෆືែ࡟ཬࡰࡍᙳ㡪ࢆ⸆≀┦஫స⏝ࡢほⅬ࠿ࡽホ౯ࡋࡓࠋ 
 ௨ୗ࡟ᚓࡽࢀࡓ▱ぢࢆ⥲ᣓࡍࡿࠋ 

 ฟ⾑ᛶࢩࣙࢵࢡࣔࢹࣝࣛࢵࢺ࡟ᑐࡍࡿ㛗ᮇಖᏑ +E9 ᢞ୚᫬ࡢ᭷ຠᛶ࠾ࡼࡧ 
Ᏻ඲ᛶホ౯  ➨  ❶

 ฟ⾑ᛶࢩࣙࢵࢡࣔࢹࣝࣛࢵࢺ࡟ᑐࡋ࡚  ᖺ㛫௨ୖࡢ㛗ᮇಖᏑࡋࡓ +E9 ࢆ㍺⾑ࡋࡓ
࡜ࡇࢁࠊప⾑ᅽࡸ࢔ࢩࢻ࣮ࢩࢫ➼ࡢࢩࣙࢵࢡ≧ែࢆ♧ࡍ✀ࠎࡢࣃ࣓࣮ࣛࢱࡀ㏿ࡸ࠿࡟
ᨵၿࡋࠊ⸽⏕  ᫬㛫ᚋࡲ࡛㧗࠸⏕Ꮡ⋡ࢆ⥔ᣢࡋࡓࠋࡇࡢ⸽⏕ຠᯝࡣࠊ᪂㩭㉥⾑⌫〇๣
࡜ྠ➼࡛࠶ࡗࡓࠋḟ࡟ࠊ㛗ᮇಖᏑ +E9㍺⾑ᚋ ᫬㛫࡟࠾ࡅࡿ⫢ᶵ⬟ࢆホ౯ࡋࡓ⤖ᯝࠊ
⫢ᶵ⬟࣐࣮࣮࡛࢝࠶ࡿ $67 ࠾ࡼࡧ $/7 ࡣⴭࡋ࠸ୖ᪼ࢆ♧ࡋࡓࡶࡢࡢࠊ⫢⤌⧊ࡢ⑓⌮


Ꮫⓗᡤぢ࡛ࡣ㞀ᐖീࡀほᐹࡉࢀ࡞࠿ࡗࡓࠋࡇࡢ⫢㞀ᐖࡣࠊ㉥⾑⌫〇๣㍺⾑᫬࡟࠾࠸࡚
ࡶྠᵝ࡟☜ㄆࡉࢀࡓࡓࡵࠊ⫢⹫⾑෌℺ὶ㞀ᐖ࡟క࠺୍㐣ᛶࡢ㞀ᐖ࡛࠶ࡿ࡜᥎ᐹࡉࢀࡓࠋ
ࡲࡓࠊ㛗ᮇಖᏑ +E9 ㍺⾑ࡣ⭈ᶵ⬟࡟ࡣᙳ㡪ࢆ୚࠼࡞࠿ࡗࡓࠋࡉࡽ࡟ࠊ⸽⏕  ᫬㛫ᚋ
ࡢ⫵㞀ᐖᛶࢆ⫵Ỉ⭘  %$/) ୰ࢱࣥࣃࢡ⃰ᗘࠊ⫵ :HW'U\ 㔜㔞ẚ࠾ࡼࡧ⫵⤌⧊⑓⌮
Ꮫⓗᡤぢࡢ୧㠃࠿ࡽホ౯ࡋࡓ࡜ࡇࢁࠊ㛗ᮇಖᏑ +E9 ㍺⾑ࡣ᪂㩭㉥⾑⌫㍺⾑࡜ྠ⛬ᗘ
࡟ప࠸㞀ᐖᛶࢆ♧ࡋࡓࠋࡇࢀ࡜ࡣᑐ↷ⓗ࡟ࠊ㛗ᮇಖᏑ㉥⾑⌫㍺⾑࡛ࡣ⫵Ỉ⭘࠾ࡼࡧ⤌
⧊⑓⌮Ꮫⓗ㞀ᐖࡢቑᝏࡀㄆࡵࡽࢀࡓࠋࡇࡢཎᅉࢆヲ⣽࡟᳨ウࡍ࡭ࡃࠊ⸽⏕  ᫬㛫ᚋࡢ
⫵⤌⧊ࢆ⏝࠸࡚ 032 ࠾ࡼࡧ 2+G* ⺯ගච␿ᰁⰍࢆ⾜ࡗࡓ⤖ᯝࠊ㛗ᮇಖᏑ㉥⾑⌫㍺
⾑࡛ࡣࡇࢀࡽࡢᙉ࠸⵳✚ࡀほᐹࡉࢀࡓ୍᪉ࠊ㛗ᮇಖᏑ +E9 ࠾ࡼࡧ᪂㩭㉥⾑⌫㍺⾑࡛
ࡣ⵳✚ࡀᢚไࡉࢀ࡚࠸ࡓࠋ 
 ௨ୖࡢ⤖ᯝࡼࡾࠊ㛗ᮇಖᏑ +E9 〇๣ࡣ኱㔞ฟ⾑࡟క࠺ฟ⾑ᛶࢩࣙࢵࢡ᫬࡟⸽⏕ᾮ
࡜ࡋ࡚᪂㩭㉥⾑⌫࡜ྠ➼ࡢ⸽⏕ຠᯝࢆ♧ࡋࠊ㓟⣲㐠ᦙయ࡜ࡋ࡚ࡢᶵ⬟࡟ၥ㢟ࡀ↓࠸ࡇ
࡜ࡀ☜ㄆࡉࢀࡓࠋຍ࠼࡚ࠊ㛗ᮇಖᏑ +E9 ࡣࠊ㛗ᮇಖᏑ㉥⾑⌫㍺⾑ᢞ୚᫬࡟ほᐹࡉࢀ
ࡓ⫵࡬ࡢ᭷ᐖస⏝ࢆ♧ࡉࡎࠊᏳ඲ᛶࡢ㧗࠸ேᕤ㉥⾑⌫〇๣࡛࠶ࡿࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡗ
ࡓࠋ 

 ೺ᖖࣛࢵࢺ࡟ᑐࡍࡿ +E9 ኱㔞ᢞ୚ࡀ⫢ &<3 ௦ㅰᆺ⸆≀ࡢయෆືែ࡟୚࠼ࡿᙳ㡪 
➨  ❶

 +E9 ኱㔞ᢞ୚  PJ+ENJ ᫬㛫ᚋࡢ⫢࣑ࢡࣟࢯ࣮࣒ࢆ᥇ྲྀࡋࠊ/&0606 ࢆ
⏝࠸ࡓࣉࣟࢸ࣮࣒࢜ゎᯒࢆ⾜࠸ࠊ&<3 ศᏊ✀ูࢱࣥࣃࢡ㉁Ⓨ⌧㔞ࢆ⥙⨶ⓗ࡟᳨ウࡋ
ࡓ⤖ᯝࠊ᳨ฟࡉࢀࡓศᏊ✀ࡢ࡯࡜ࢇ࡝ࡀ 6DOLQHᢞ୚᫬࡜ẚ㍑ࡋ࡚኱ࡁ࡞ኚືࢆ♧ࡉ࡞
࠿ࡗࡓࠋࡑࡇ࡛ࠊ⸆≀௦ㅰ࡬ࡢᐤ୚ࡀ㧗࠸ &<3 ୺せ  ศᏊ✀  &<3 $ &<3 &
&<3(&<3$ ࡟ࡘ࠸࡚ヲ⣽࡟᳨ウࢆ⾜ࡗࡓࠋࡲࡎࠊZHVWHUQEORWWLQJ ࡟ࡼࡗ࡚ࢱ
ࣥࣃࢡ㉁Ⓨ⌧㔞ࢆホ౯ࡋࡓ࡜ࡇࢁࠊࣉࣟࢸ࣮࣒࢜ゎᯒࡢ⤖ᯝ࡜ྠᵝ࡟᭷ព࡞Ⓨ⌧ኚື
ࢆㄆࡵ࡞࠿ࡗࡓࠋḟ࡟ࠊ+E9 ኱㔞ᢞ୚  ᫬㛫ᚋࡢ⫢ &<3 ศᏊ✀ࡢ P51$ Ⓨ⌧㔞ࢆ
57T3&5 ࡟࡚ゎᯒࡋࡓ⤖ᯝࠊ6DOLQH ࠾ࡼࡧ㉥⾑⌫ᢞ୚⩌࡜ẚ㍑ࡋ࡚᭷ព࡞ P51$ Ⓨ
⌧㔞ࡢపୗࡀほᐹࡉࢀࡓࠋࡉࡽ࡟ࠊ+E9኱㔞ᢞ୚ ᫬㛫ᚋ࡟≉␗ⓗ࡟ &<3$&<3
& &<3 ( &<3 $ ࠿ࡽ௦ㅰࡉࢀࡿ⸆≀  FDIIHLQH WROEXWDPLGH FKORU]R[D]RQH
PLGD]RODPࢆΰྜࡋࡓ &<3FRFNWDLOࢆᢞ୚ࡋࠊྛ⸆≀ࡢయෆືែヨ㦂ࢆ⾜ࡗࡓࠋࡑࡢ
⤖ᯝࠊ ✀ࡢ⸆≀඲࡚࡟࠾࠸࡚ࠊࡑࡢ⛬ᗘࡣ␗࡞ࡿࡶࡢࡢࠊ6DOLQH ࡸ㉥⾑⌫ᢞ୚᫬࡜


ẚ㍑ࡋ࡚⸆≀ᾘኻ㑄ᘏࢆ♧ࡍ⸆≀ືែࣃ࣓࣮ࣛࢱࡢኚ໬  7 ࡢᘏ㛗ࠊ$8& ࡢቑ኱ࠊ
&/WRWࡢపୗࡀほᐹࡉࢀࡓࠋ 
 ࡇࡢཎᅉࢆヲ⣽࡟᳨ウࡍࡿࡓࡵࠊ+E9 ࡀ⸆≀ࡢศᕸ࠶ࡿ࠸ࡣ௦ㅰ࡟ཬࡰࡍᙳ㡪࡟
ࡘ࠸࡚ホ౯ࡋࡓࠋࡲࡎࠊ+E9 ࡢΰྜẚࢆኚ໬ࡉࡏࡓࣛࢵࢺ⾑₢࡟ᑐࡋ࡚ &<3 FRFNWDLO
ࢆῧຍࡋࠊ྾╔ࡸྲྀࡾ㎸ࡳ➼ࡢ┤᥋ⓗ┦஫స⏝ࢆホ౯ࡋࡓ⤖ᯝࠊ+E9 ࡢ⃰ᗘ౫Ꮡⓗ
࡟⾑₢୰࡬ࡢྛ⸆≀ࡢṧᏑ㔞ࡀపୗࡋࡓࠋྠᵝ࡟ࠊ㉥⾑⌫ῧຍ᫬࡟ࡘ࠸࡚ࡶホ౯ࢆ⾜
ࡗࡓ࡜ࡇࢁࠊ+E9 ῧຍ᫬࡜ྠ⛬ᗘ࡟⸆≀࡜ࡢ┦஫స⏝ࢆ㉳ࡇࡋ࡚࠸ࡓࠋࡑࡢࡓࡵࠊ
+E9 ࡀ &<3 FRFNWDLO ࡜┤᥋ⓗ࡞┦஫స⏝  ྾╔ࡸྲྀࡾ㎸ࡳ➼ࢆ㉳ࡇࡋ࡚యෆືែࢆ
ኚ໬ࡉࡏࡓྍ⬟ᛶࡣᑠࡉ࠸࡜⪃࠼ࡽࢀࡓࠋࡉࡽ࡟ࠊ+E9 ኱㔞ᢞ୚  ᫬㛫ᚋࡢ⫢࣑ࢡ
ࣟࢯ࣮࣒ࢆ⏝࠸࡚ࠊ&<3 ศᏊ✀ูࡢ in vitro ௦ㅰάᛶヨ㦂ࢆᐇ᪋ࡋࡓ࡜ࡇࢁࠊ6DOLQH
࠾ࡼࡧ㉥⾑⌫ᢞ୚⩌࡜ẚ㍑ࡋ࡚඲࡚ࡢ &<3 ศᏊ✀࡛௦ㅰάᛶࡀపୗࡋ࡚࠸ࡓࠋࡑࡇ
࡛ࠊ+E9 ᵓᡂᡂศ࡛࠶ࡿ +E ࡜⬡㉁⭷ࡢ࡝ࡕࡽࡀ௦ㅰάᛶࡢపୗ࡟ᐤ୚ࡍࡿ࠿ࢆㄪ࡭
ࡿࡓࡵࠊ࣏ࣜࢯ࣮࣒ෆ࡟ +E ࢆྵࡲ࡞࠸✵ᑠ⬊యࢆ೺ᖖࣛࢵࢺ࡟ᢞ୚ࡋࠊ ᫬㛫ᚋࡢ
⫢࣑ࢡࣟࢯ࣮࣒ࢆ⏝࠸࡚௦ㅰάᛶࡢホ౯ࢆ⾜ࡗࡓࠋࡑࡢ⤖ᯝࠊ✵ᑠ⬊యᢞ୚ࡣ +E9
ᢞ୚᫬࡜ྠᵝ࡟ࠊ&<3 ௦ㅰάᛶࡢపୗࢆᘬࡁ㉳ࡇࡋࡓࠋຍ࠼࡚ࠊ✵ᑠ⬊యᢞ୚  ᫬
㛫ᚋࡢ⫢⮚ P51$ Ⓨ⌧㔞࡟ࡘ࠸࡚ࡶ +E9 ᢞ୚᫬࡜ྠ⛬ᗘ࡟పୗࡋ࡚࠸ࡓࠋ 
 ᭱ᚋ࡟ࠊ+E9 ᢞ୚ࡢ㛗ᮇⓗ࡞⫢ &<3 ࡬ࡢᙳ㡪ࢆほᐹࡍࡿࡓࡵࠊ+E9 ኱㔞ᢞ୚  㐌
㛫ᚋ࡟࠾ࡅࡿ &<3 ࡟ᑐࡍࡿ✀ࠎࡢᙳ㡪  P51$ Ⓨ⌧㔞ࠊ&<3 FRFNWDLO యෆືែࠊ&<3
௦ㅰάᛶࢆホ౯ࡋࡓࠋࡑࡢ⤖ᯝࠊ+E9 ᢞ୚  ᫬㛫ᚋ࡟࡚ほᐹࡉࢀࡓྛኚ໬ࡣࠊᢞ
୚  㐌㛫ᚋ࡟ࡣᅇ᚟࡞࠸ࡋࡣᅇ᚟ഴྥࢆ♧ࡋࡓࠋ 
 ௨ୖࡢ⤖ᯝ࠿ࡽࠊ+E9 ኱㔞ᢞ୚ࡣ &<3 ௦ㅰᆺ⸆≀ࡢᾘኻ㑄ᘏࢆច㉳ࡍࡿࡶࡢࡢࠊ
ྛ⸆≀ືែࣃ࣓࣮ࣛࢱኚ໬ࡢ⛬ᗘࢆ⪃៖ࡍࡿ࡜ࡑࡢᙳ㡪ᗘࡣᑠࡉ࠸࡜᥎ᐹࡉࢀࠊࡉࡽ
࡟ࡣᢞ୚ᚋ୍㐣ᛶࡢ⌧㇟࡛࠶ࡿࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋ 

 ฟ⾑ᛶࢩࣙࢵࢡࣛࢵࢺ࡟ᑐࡍࡿ +E9 ㍺⾑࡟ࡼࡿ⸽⏕ࡀ⫢ &<3 ௦ㅰᆺ⸆≀ࡢయෆ
ືែ࡟୚࠼ࡿᙳ㡪  ➨  ❶

 ฟ⾑ᛶࢩࣙࢵࢡࣔࢹࣝࣛࢵࢺ࡟ +E9 ㍺⾑ࢆ᪋ࡋࠊ⸽⏕  ᫬㛫ᚋࡢ⫢࣑ࢡࣟࢯ࣮࣒
୰ &<3 ศᏊ✀ูࢱࣥࣃࢡ㉁Ⓨ⌧㔞ࢆࣉࣟࢸ࣮࣒࢜ゎᯒ࡟࡚⥙⨶ⓗ࡟᳨ウࡋࡓࠋࡑࡢ
⤖ᯝࠊVKDP ⩌࡜ẚ㍑ࡋ࡚ &<3 ศᏊ✀ࡢ඲⯡ⓗ࡞Ⓨ⌧㔞పୗࡀほᐹࡉࢀࡓࡶࡢࡢࠊྠ
ᵝࡢపୗࡣ㉥⾑⌫㍺⾑⩌࡟࠾࠸࡚ࡶ♧ࡉࢀࡓࠋࡑࡇ࡛ࠊ+E9 ㍺⾑  ᫬㛫ᚋࡢ⫢࣑ࢡ
ࣟࢯ࣮࣒࡟ࡘ࠸࡚ࠊ⸆≀௦ㅰ࡟ᐤ୚ࡢ኱ࡁ࠸ &<3 ศᏊ✀  &<3$&<3&&<3


(&<3$ࡢ ZHVWHUQEORWWLQJ ࡟ࡼࡿࢱࣥࣃࢡ㉁Ⓨ⌧㔞ࡢኚ໬ࢆ᳨ウࡋࡓ࡜ࡇࢁࠊ
඲࡚ࡢศᏊ✀࡟࠾࠸࡚Ⓨ⌧ࡢపୗࡀほᐹࡉࢀࠊࣉࣟࢸ࣮࣒࢜ゎᯒࡢ⤖ᯝࢆᨭᣢࡋࡓࠋ
ࡲࡓࠊ⫢࣑ࢡࣟࢯ࣮࣒࡟࠾ࡅࡿ &<3  ศᏊ✀ࡢ௦ㅰάᛶࢆ in vitro ࡟࡚ホ౯ࡋࡓ࡜ࡇ
ࢁࠊ+E9 ㍺⾑⩌࡛ࡣ௚ࡢ⩌࡜ẚ㍑ࡋ࡚ࠊࡍ࡭࡚ࡢศᏊ✀࡟ࡘ࠸࡚௦ㅰάᛶࡢపୗࡀ
ほᐹࡉࢀࡓࠋࡉࡽ࡟ࠊ+E9 ࠶ࡿ࠸ࡣ㉥⾑⌫㍺⾑  ᫬㛫ᚋࡢฟ⾑ᛶࢩࣙࢵࢡࣔࢹࣝࣛ
ࢵࢺ࡟ᑐࡋ࡚ࠊ&<3FRFNWDLO యෆືែヨ㦂ࢆ⾜ࡗࡓ⤖ᯝࠊVKDP ⩌࡜ẚ㍑ࡋ࡚඲࡚ࡢ㍺
⾑⩌࡛ྛ⸆≀ࡢᾘኻࡀ㑄ᘏࡋࡓࠋࡉࡽ࡟ࠊ+E9 ㍺⾑⩌࡟࠾࠸࡚ࡣ㉥⾑⌫㍺⾑⩌ࡼࡾ
ࡶᙉ࠸⸆≀ᾘኻ㑄ᘏࢆ♧ࡋࡓࠋ 
 ௨ୖࡢ⤖ᯝࡼࡾࠊ኱㔞ฟ⾑᫬࡟ᑐࡍࡿ +E9 ㍺⾑ࡣࠊ⫢⹫⾑෌℺ὶ㞀ᐖ࡟㉳ᅉࡋࡓ
⫢ &<3 ࢱࣥࣃࢡ㉁Ⓨ⌧㔞ࡢపୗ࡟ຍ࠼࡚ࠊ➨  ❶࡛᫂ࡽ࠿࡜࡞ࡗࡓ &<3 ௦ㅰάᛶࡢ
పୗࡀ┦ຍⓗ࡟ᙳ㡪ࡋࠊ&<3 ௦ㅰᆺ⸆≀ࡢᾘኻࢆ㑄ᘏࡉࡏ࡚࠸ࡿྍ⬟ᛶࡀ♧၀ࡉࢀ
ࡓࠋ 

 ௨ୖࠊ+E9〇๣ࡣ ᖺ㛫௨ୖࡢ㛗ᮇಖᏑ᫬࡟࠾࠸࡚ࡶඃࢀࡓ⸽⏕ຠᯝࢆ᭷ࡋࠊࡉࡽ
࡟ࡣ㍺⾑ឤཷᛶࡢ㧗࠸⮚ჾ࡛࠶ࡿ⫵࡟ᑐࡋ࡚ᝏᙳ㡪ࢆཬࡰࡉ࡞࠿ࡗࡓࡇ࡜࠿ࡽࠊ㛗ᮇ
ಖᏑࡋࡓሙྜ࡟࠾࠸࡚ࡶᏳ඲ᛶ࡜᭷ຠᛶࡢ㧗࠸ேᕤ㉥⾑⌫〇๣࡛࠶ࡾࠊ᪤Ꮡࡢ㉥⾑⌫
〇๣࡜ẚ㍑ࡍࡿ࡜㐶࠿࡟㛗ᮇ࡟ࢃࡓࡗ࡚ಖᏑ࡛ࡁࡿ฼Ⅼࢆ᭷ࡍࡿࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡗ
ࡓࠋࡉࡽ࡟ࠊ+E9 ࡢ⮫ᗋ౑⏝᫬࡟ࡣከ✀ࡢ⸆≀἞⒪ࡢ୪⾜ࡀ᝿ᐃࡉࢀࡿࡓࡵࠊ⸆≀
௦ㅰࡢ୰ᚰⓗ࡞ᙺ๭ࢆᢸ࠺⫢ &<3 ࡟╔┠ࡋࠊ+E9 ࡜⫢ &<3 ௦ㅰᆺ⸆≀࡜ࡢ⸆≀ືែ
ⓗ┦஫స⏝ࢆึࡵ࡚᫂ࡽ࠿࡟ࡋࡓࠋ 
 ᮏ◊✲࡛ᚓࡽࢀࡓ▱ぢࡣࠊ+E9 ࡢ㠀⮫ᗋヨ㦂ࡸ⮫ᗋヨ㦂ᐇ᪋᫬ࡢ᭷⏝࡞ᇶ♏ⓗ᝟
ሗ࡜ࡋ࡚ࡑࡢᐇ⏝໬࡟ᐤ୚ࡍࡿࡔࡅ࡛ࡣ࡞ࡃࠊ⮫ᗋᛂ⏝ᚋ࡟࠾࠸࡚ࡶ᭷┈࡞ཧ⪃ࢹ࣮
ࢱ࡟࡞ࡾᚓࡿ࡜⪃࠼ࡽࢀࡿࠋ 
 


ᐇ㦂ࡢ㒊 

ᐇ㦂ヨᩱ 

 +E9 ཬࡧ (9ࡣ᪤ሗ  ࡟ࡼࡾస〇ࡉࢀࠊዉⰋ┴❧་⛉኱Ꮫ࠿ࡽ౪୚ࡉࢀࡓࡶࡢࢆ
⏝࠸ࡓࠋ➨ ❶࡛ࡣࠊ&࡛ ᖺ㛫௨ୖಖᏑࡉࢀࡓ +E9ࢆ⏝࠸ࡓࠋࡑࡢ௚ࠊヨ⸆ࡸ⁐
፹㢮ࡣ≉⣭ࢢ࣮ࣞࢻ௨ୖࡢရࢆ౑⏝ࡋࠊ⁐፹Ỉࡣ㉸⣧Ỉࢆ౑⏝ࡋࡓࠋ 

⤫ィゎᯒ 

 ᐇ㦂ࢹ࣮ࢱࡣࡍ࡭࡚ᖹᆒ್  ᶆ‽೫ᕪ࡛⾲グࡋࡓࠋྠ⩌㛫ࡢ  ᫬Ⅼ࡟࠾ࡅࡿ⤒᫬
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ࢆ⏝࠸࡚ ᐃࡋࡓࠋ+E9 ࡣ⏕໬Ꮫ
ⓗࣃ࣓࣮ࣛࢱࡢ ᐃ್࡟ᖸ΅ࡍࡿࡓࡵ  ࠊ+E9 ᢞ୚ᚋࡢ⾑₢࡟ࡘ࠸࡚ࡣࠊ g
 ศ㛫ࡢ㉸㐲ᚰฎ⌮ࢆ⾜࠸ࠊ+E9 ࢆỿẊ㝖ཤࡋࡓࡶࡢࢆ ᐃࢧࣥࣉࣝ࡜ࡋ࡚⏝࠸ࡓࠋ 

 ⏕໬Ꮫⓗࣃ࣓࣮ࣛࢱ ᐃ 
 %DVHOLQH ฟ⾑ᛶࢩࣙࢵࢡ๓ 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࿴ග⣧⸆ᕤᴗࢆ⏝࠸࡚ ᐃࡋࡓࠋ⭈ᶵ⬟࣐࣮࣮࡛࢝࠶ࡿ %81 ࠾ࡼࡧ &5( ࡟ࡘ
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ࡓࠋ࡞࠾ࠊ㞝ᛶ 6' ࣛࢵࢺࡢࣜࢱ࢖࢔ື≀ࢆ᪥ᮏ 6/& ࡼࡾ㉎ධࡋࠊ➨  ❶࡟㛵ࡍࡿᐇ
㦂 ࡜ྠᡭ㡰࡛ 35%& ࢆస〇ࡍࡿ㝿ࡢ⾑ᾮࢻࢼ࣮࡜ࡋ࡚⏝࠸ࡓࠋ 

 ฟ⾑ᛶࢩࣙࢵࢡࣔࢹࣝࣛࢵࢺࡢస〇࡜⸽⏕ 
 6' ࣛࢵࢺ࡟࢖ࢯࣇࣝࣛࣥ㯞㓉ୗ࡛ࠊྑ኱⭣ື㟼⬦࡟࣏࢚ࣜࢳࣞࣥ࢝ࢸ࣮ࢸࣝ  3(
ࢆࡑࢀࡒࢀᤄධࡋࡓࠋ኱⭣ື⬦࢝ࢸ࣮ࢸࣝࡣ 0$3ࠊᚰᢿᩘࡢ ᐃ  ᡭ㡰ࡣ➨  ❶
࡟㛵ࡍࡿᐇ㦂 ࡟ヲ㏙ཬࡧ⾑ᾮࢧࣥࣉࣝ᥇ྲྀ࡟⏝࠸ࠊ኱⭣㟼⬦࢝ࢸ࣮ࢸࣝࡣ⬺⾑ཬ
ࡧᢞ୚ᾮࡢ࣮ࣝࢺ࡜ࡋ࡚⏝࠸ࡓࠋ኱⭣㟼⬦࠿ࡽ඲⾑ᾮ㔞   P/NJ  ࡢ ࢆ 
P/PLQ ࡛ᐃ㏿⬺⾑ࡋࡓࠋ⬺⾑᏶஢  ศᚋ࡟ࠊ඲⾑ᾮ㔞ࡢ ࢆ P/PLQ ࡛ᐃ㏿⬺⾑
ࡋࡓࠋࡇࢀࢆࡉࡽ࡟ࡶ࠺  ᅇ⧞ࡾ㏉ࡋࠊྜィ ࡢ⬺⾑ࢆ⾜ࡗࡓࠋ௨㝆ࠊ ศ㛫࡟
ࢃࡓࡾ 0$3 ࢆ PP+J ௨ୗ࡟࡞ࡿࡼ࠺࡟㐺ᐅ⬺⾑ࢆ⾜࠸ࠊฟ⾑ᛶࢩࣙࢵࢡ≧ែࢆ⥔
ᣢࡉࡏࡓࠋࡑࡢᚋࠊ+E935%& ࠶ࡿ࠸ࡣ 35%& ࡢ࠸ࡎࢀ࠿ࢆ⬺⾑㔞࡜➼㔞㍺⾑ࡋ
࡚⸽⏕ࢆ⾜ࡗࡓࠋ࡞࠾ࠊ⸽⏕ᾮ࡜ࡋ࡚ࡢ +E9 ࠶ࡿ࠸ࡣ 35%& ࡣࠊ⭺㉁ᾐ㏱ᅽㄪᩚࡢ
ࡓࡵ࡟㑇ఏᏊ⤌᥮࠼ᆺࣄࢺ⾑Ύ࢔ࣝࣈ࣑ࣥ⁐ᾮ  ࣂ࢖ࣇ࢓ ࢆ᭱⤊⃰ᗘ ࡟࡞ࡿࡼ
࠺࡟ῧຍࡋ࡚࠾ࡾࠊ⣙ J+EG/ ࡢ⁐ᾮ࡜ࡋ࡚ㄪᩚࡉࢀࡓࡶࡢࢆ⏝࠸ࡓ  ࠋ 

 ⾑₢୰ $67 ཬࡧ $/7 άᛶ ᐃ 
 ฟ⾑ᛶࢩࣙࢵࢡ๓  EDVHOLQHࠊฟ⾑ᛶࢩࣙࢵࢡ⸽⏕┤ᚋ   KU࠾ࡼࡧฟ⾑ᛶࢩࣙࢵ
ࢡ  ᫬㛫ᚋ࡟࠾࠸࡚ࠊ⾑ᾮࢧࣥࣉࣝࢆᅇ཰ࡋࠊ㐲ᚰ᧯సᚋࡢ⾑₢ࢧࣥࣉࣝࢆᚓࡓࠋ
+E9 ᢞ୚ᚋࡢ⾑₢࡟ࡘ࠸࡚ࡣࠊ g  ศ㛫ࡢ㉸㐲ᚰฎ⌮ࢆ⾜࠸ࠊ+E9 ࢆỿẊ㝖
ཤࡋࡓࡶࡢࢆ⾑₢ࢧࣥࣉࣝ࡜ࡋࡓࠋ࡞࠾ࠊ$67 ཬࡧ $/7 άᛶࡢ ᐃἲࡣ➨  ❶࡟㛵
ࡍࡿᐇ㦂 ࡟‽ࡌ࡚⾜ࡗࡓࠋ 
 


 ࣉࣟࢸ࣮࣒࢜ゎᯒ࡟ࡼࡿ⫢ &<3 ศᏊ✀ูࢱࣥࣃࢡ㉁Ⓨ⌧㔞ࡢ⥙⨶ⓗホ౯ 
 ฟ⾑ᛶࢩࣙࢵࢡ࠿ࡽࡢ⸽⏕  ᫬㛫ᚋࡢࣛࢵࢺ࠿ࡽࠊ➨  ❶࡟㛵ࡍࡿᐇ㦂  ཬࡧ 
࡟‽ࡌ࡚࣑ࢡࣟࢯ࣮࣒⏬ศࢆᢳฟࡋࠊ/&0606 ࢆ⏝࠸ࡓࣉࣟࢸ࣮࣒࢜ゎᯒࢆ⾜ࡗࡓࠋ 

 :HVWHUQEORWWLQJ
 ฟ⾑ᛶࢩࣙࢵࢡ࠿ࡽࡢ⸽⏕  ᫬㛫ᚋࡢࣛࢵࢺ࠿ࡽࠊ➨  ❶࡟㛵ࡍࡿᐇ㦂  ཬࡧ 
࡟ᚑࡗ࡚⫢࣑ࢡࣟࢯ࣮࣒ࢆᢳฟࡋࠊZHVWHUQEORWWLQJ ࢆ⾜ࡗࡓࠋ 

ᮏ❶࡟࠾࠸࡚⏝࠸ࡓᢠయ࠾ࡼࡧࡑࡢᢠయ࡜཯ᛂ᮲௳ࢆ௨ୗ࡟♧ࡍࠋ 
7DUJHW 3ULPDU\DQWLERG\ 6HFRQGDU\DQWLERG\
&<3$
*RDWDQWLUDW&<3$ 
126$1FDW53$3
IROGGLOXWLRQ57KU
'RQNH\DQWLJRDW,J*+53
6DQWD&UX]FDWVF+53
IROGGLOXWLRQ57KU
&<3&
*RDWDQWLUDW&<3&
126$1FDW53$3
IROGGLOXWLRQ57KU
'RQNH\DQWLJRDW,J*+53
6DQWD&UX]FDWVF+53
IROGGLOXWLRQ57KU
&<3(
*RDWDQWLUDW&<3(
126$1FDW53$3
IROGGLOXWLRQ57KU
'RQNH\DQWLJRDW,J*+53
6DQWD&UX]FDWVF+53
IROGGLOXWLRQ57KU
&<3$
5DEELWDQWLUDW&<3$
126$1FDW53$3
IROGGLOXWLRQ57KU
*RDWDQWLUDEELW,J*+53
6DQWD&UX]FDWVF+53
IROGGLOXWLRQ57KU
EDFWLQ
0RXVHDQWLE$FWLQ+53
6DQWD&UX]FDWVF+53
IROGGLOXWLRQ57KU
Ѹ

 &<3FRFNWDLO యෆືែヨ㦂 
 ➨  ❶࡟㛵ࡍࡿᐇ㦂 ࡟‽ࡌ࡚ヨ㦂ࢆ⾜ࡗࡓࠋ 

 in vitro &<3 ௦ㅰάᛶヨ㦂 
 ฟ⾑ᛶࢩࣙࢵࢡ࠿ࡽࡢ⸽⏕  ᫬㛫ᚋࡢࣛࢵࢺ࠿ࡽࠊ➨  ❶࡟㛵ࡍࡿᐇ㦂 ࡟‽ࡌ
࡚⫢࣑ࢡࣟࢯ࣮࣒ࢆㄪ〇ࡋࡓࠋࡑࡢᚋࠊ&<3$&( ࠾ࡼࡧ $ ࡢ௦ㅰάᛶ࡟
ࡘ࠸࡚ࠊ➨  ❶࡟㛵ࡍࡿᐇ㦂 ࡟‽ࡌ࡚ࡑࢀࡒࢀྛヨ㦂ࢆ⾜ࡗࡓࠋ 


ㅰ㎡ 


 ᮏ◊✲ࢆ⾜࠺࡟㝿ࡋࠊ⤊ጞᚚ᠓⠜࡞ࡿᚚᣦᑟࠊࡈ㠴᧡ࢆ㈷ࡾࡲࡋࡓᓫᇛ኱Ꮫ⸆Ꮫ㒊
⸆≀ືែᏛ◊✲ᐊ ᑠ⏣ษ ඃᶞ ᩍᤵ࡟῝⏒࡞ࡿឤㅰࡢពࢆ⾲ࡋࡲࡍࠋ 

 ᮏ◊✲࡟㝿ࡋࠊ⤊ጞᚚᣦᑟ࡜ࡈຓຊࢆ㈷ࡾࡲࡋࡓᓫᇛ኱Ꮫ⸆Ꮫ㒊⸆≀ືែᏛ◊✲ᐊ
ᒣ㷂 ၨஅ ᩍᤵ࡞ࡽࡧ࡟ྠ ⏣ཱྀ ࿴᫂ ຓᩍ࡟ᚰ࠿ࡽឤㅰࡢពࢆ⾲ࡋࡲࡍࠋ 

 ᮏㄽᩥࡢᑂᰝ࡟࠶ࡓࡾࠊ᭷┈࡞ᚚຓゝ࡜ᚚᰯ㜀ࢆ㈷ࡾࡲࡋࡓᓫᇛ኱Ꮫ⸆Ꮫ㒊ศᯒ໬
Ꮫ◊✲ᐊ ➉ୗ ၨⶶ ᩍᤵࠊྠ་⒪⸆๣Ꮫ◊✲ᐊ 㛛⬥ ኱௓ ᩍᤵ࡞ࡽࡧ࡟ྠ⸆
⌮Ꮫ◊✲ᐊ ෆ⏣ ཭஧ ෸ᩍᤵ࡟ᚰ࠿ࡽឤㅰ࠸ࡓࡋࡲࡍࠋ 

 ᮏ◊✲ࡢᐇ᪋࡟㝿ࡋࠊ+E9 ࠾ࡼࡧ (9 ࢆᚚᥦ౪࠸ࡓࡔࡁࠊ⤊ጞᚚ౽ᐅ࡜ᚚ㠴᧡ࢆ㈷
ࡾࡲࡋࡓዉⰋ┴❧་⛉኱Ꮫ་Ꮫ㒊໬Ꮫᩍᐊ 㓇஭ ᏹỈ ᩍᤵ࡟῝ࡃឤㅰࡢពࢆ⾲ࡋ
ࡲࡍࠋ 

 ᮏ◊✲࡟㝿ࡋࠊ⤌⧊⑓⌮Ꮫⓗホ౯➼࡟࠾࠸࡚ࠊ᭷┈࡞ࡿᚚᣦᑟ࡜ᚚຓゝࢆ࠸ࡓࡔࡁ
ࡲࡋࡓ⇃ᮏ኱Ꮫ኱Ꮫ㝔⏕࿨⛉Ꮫ◊✲㒊⣽⬊⑓⌮Ꮫศ㔝 ➉ᒇ ඖ⿱ ᩍᤵ࡞ࡽࡧ࡟ྠ
⸨ཎ ❶㞝 ㅮᖌ࡟῝ࡃឤㅰ࠸ࡓࡋࡲࡍࠋ 

 ᮏ◊✲ࢆ㐙⾜ࡍࡿ࡟࠶ࡓࡾࠊࣉࣟࢸ࣮࣒࢜ゎᯒ࡟⤊ጞᚚᣦᑟ࡜ᚚຓຊࢆ࠸ࡓࡔࡁࡲ
ࡋࡓ⇃ᮏ኱Ꮫ኱Ꮫ㝔⏕࿨⛉Ꮫ◊✲㒊ᚤ⏕≀⸆Ꮫศ㔝 ኱ᵳ ⣧⏨ ᩍᤵ࡟῝ㅰ࠸ࡓࡋ
ࡲࡍࠋ 

 ᮏ◊✲࡟㝿ࡋࠊ⤊ጞᚚ౽ᐅࢆ㈷ࡾࡲࡋࡓᓫᇛ኱Ꮫ⸆Ꮫ㒊་⒪⸆๣Ꮫ◊✲ᐊ ℩ᑿ
㔞 ᩍᤵ࡞ࡽࡧ࡟ྠ〇๣Ꮫ◊✲ᐊ Ᏻᴦ ㄔ ᩍᤵ࡟῝ࡃឤㅰࡢពࢆ⾲ࡋࡲࡍࠋ 

 ᮏ◊✲ࢆ⾜࠺࡟࠶ࡓࡾࠊከ኱࡞ࡿᚚ༠ຊࢆ࠸ࡓࡔࡁࡲࡋࡓ㇏ᒸ ┿ᕼ Ặࠊᶫᮏ
㯞⾰ Ꮫኈࢆࡣࡌࡵࠊᓫᇛ኱Ꮫ⸆Ꮫ㒊⸆≀ືែᏛ◊✲ᐊࡢㅖẶ࡟ᚰ࠿ࡽឤㅰ࠸ࡓࡋࡲ
ࡍࠋ 



 ᭱ᚋ࡟ࠊࡇࢀࡲ࡛⚾ࢆᨭ࠼࡚ࡃࢀࡓᐙ᪘ࠊ཭ே࡟ᚰ࠿ࡽឤㅰ࠸ࡓࡋࡲࡍࠋ 


ᖹᡂ  ᖺ  ᭶ 
ᚓ⬟ ṇ⿱ 
 


ཧ⪃ᩥ⊩ 

 )OHJHO:$1DWDQVRQ&.OHLQ+*'RHV SURORQJHG VWRUDJH RI UHG EORRG FHOOV FDXVH
KDUP"Br. J. Haematol.±
 0LQLVWU\RI+HDOWK/D:-DSDQ3URFHHGLQJVRI%ORRG'RQDWLRQ3URPRWLRQ&RPPLWWHH
3KDUPDFHXWLFDO $IIDLUV DQG )RRG 6DQLWDWLRQ &RXQFLO RQ  'HF  $YDLODEOH
KWWSZZZPKOZJRMSILOH6KLQJLNDL,\DNXVKRNXKLQN\RNX
6RXPXNDSGI
 &KDQJ 706 7KHUDSHXWLF DSSOLFDWLRQV RI SRO\PHULF DUWLILFLDO FHOOV Nat. Rev. Drug 
Discov.±
 0RGHU\3DZORZVNL&/7LDQ//3DQ96HQ*XSWD$6\QWKHWLF DSSURDFKHV WR5%&
PLPLFU\DQGR[\JHQFDUULHUV\VWHPVBiomacromolecules±
 &DVWUR&,%ULFHQR-&3HUIOXRURFDUERQEDVHGR[\JHQFDUULHUVUHYLHZRISURGXFWVDQG
WULDOVArtif. Organs±
 :LQVORZ50&XUUHQWVWDWXVRIR[\JHQFDUULHUV¶EORRGVXEVWLWXWHV¶Vox Sang.
±
 *RXOG6$6HKJDO/56HKJDO+/0RVV*67KHGHYHORSPHQWRIKHPRJORELQVROXWLRQV
DVUHGFHOOVXEVWLWXWHVKHPRJORELQVROXWLRQVTransfus. Sci.±
 -DKU -6 0RDOOHPSRXU 0 /LP -& +%2& KHPRJORELQ JOXWDPHU ERYLQH
+HPRSXUH%LRSXUH&RUSRUDWLRQExpert Opin. Biol. Ther.±
 /H\WLQ90D]HU'0RG\0*DUYH\%)UHHGPDQ-+HPROLQNDQRUDIILQRVHFURVV
OLQNHG KDHPRJORELQEDVHG R[\JHQ FDUULHU GRHV QRW DIIHFW DFWLYDWLRQ DQG IXQFWLRQ RI
KXPDQSODWHOHWVLQZKROHEORRGLQYLWURBr. J. Haematol.±
 /DP\0/'DLO\(.%ULFKDQW-)/DUEXLVVRQ53'HPH\HUH5+9DQGHUPHHUVFK($
/HKRW--3DUVORH05%HUULGJH-&6LQFODLU&-%DURQ-)3U]\EHOVNL5-5DQGRPL]HG
WULDORIGLDVSLULQFURVVOLQNHGKHPRJORELQVROXWLRQDVDQDOWHUQDWLYHWREORRGWUDQVIXVLRQ
DIWHU FDUGLDF VXUJHU\ 7KH '&/+E &DUGLDF 6XUJHU\ 7ULDO &ROODERUDWLYH *URXS
Anesthesiology±
 9DQGHJULII.':LQVORZ50+HPRVSDQGHVLJQSULQFLSOHVIRUDQHZFODVVRIR[\JHQ
WKHUDSHXWLFArtif. Organs±
 1DWDQVRQ&.HUQ6-/XULH3%DQNV60:ROIH60&HOOIUHHKHPRJORELQEDVHGEORRG
VXEVWLWXWHV DQG ULVN RI P\RFDUGLDO LQIDUFWLRQ DQG GHDWK D PHWDDQDO\VLV JAMA 


±
 7DR = *KRURJKFKLDQ 33 0LFURSDUWLFOH QDQRSDUWLFOH DQG VWHP FHOOEDVHG R[\JHQ
FDUULHUVDVDGYDQFHGEORRGVXEVWLWXWHVTrends Biotechnol.±
 1MRNX06W3HWHU'0DFNHQ]LH&)+DHPRJORELQEDVHGR[\JHQFDUULHUVLQGLFDWLRQV
DQGIXWXUHDSSOLFDWLRQVBr. J. Hosp. Med. (Lond).±
 7RPLWD'.LPXUD7+RVDND+'DLMLPD<+DUXNL5/XGZLJ.%|WWFKHU&.RPDWVX
7 &RYDOHQW FRUHVKHOO DUFKLWHFWXUH RI KHPRJORELQ DQG KXPDQ VHUXP DOEXPLQ DV DQ
DUWLILFLDO2FDUULHUBiomacromolecules±
 6RX.1DLWR<(QGR77DNHRND67VXFKLGD((IIHFWLYHHQFDSVXODWLRQRISURWHLQV
LQWR VL]HFRQWUROOHG SKRVSKROLSLG YHVLFOHV XVLQJ IUHH]HWKDZLQJ DQG H[WUXVLRQ
Biotechnol. Prog.±
 6DNDL + +DPDGD . 7DNHRND 6 1LVKLGH + 7VXFKLGD ( 3K\VLFDO SURSHUWLHV RI
KHPRJORELQYHVLFOHVDVUHGFHOOVXEVWLWXWHVBiotechnol. Prog.±
 $EH+,NHEXFKL.+LUD\DPD-)XMLKDUD07DNHRND66DNDL+7VXFKLGD(,NHGD+
9LUXVLQDFWLYDWLRQLQKHPRJORELQVROXWLRQE\KHDWWUHDWPHQWArtif. Cells. Blood Substit. 
Immobil. Biotechnol.±
 +XDQJ<7DNHRND66DNDL+$EH++LUD\DPD-,NHEXFKL.,NHGD+7VXFKLGD(
&RPSOHWHGHR[\JHQDWLRQIURPDKHPRJORELQVROXWLRQE\DQHOHFWURFKHPLFDOPHWKRGDQG
KHDWWUHDWPHQWIRUYLUXVLQDFWLYDWLRQBiotechnol. Prog.±
 1DLWR<)XNXWRPL,0DVDGD<6DNDL+7DNHRND67VXFKLGD($EH++LUD\DPD-
,NHEXFKL.,NHGD+9LUXVUHPRYDOIURPKHPRJORELQVROXWLRQXVLQJSODQRYDPHPEUDQH
J. Artif. Organs±
 6DNDL++RULQRXFKL+7RPL\DPD.,NHGD(7DNHRND6.RED\DVKL.7VXFKLGD(
+HPRJORELQYHVLFOHV DV R[\JHQ FDUULHUV LQIOXHQFH RQ SKDJRF\WLF DFWLYLW\ DQG
KLVWRSDWKRORJLFDOFKDQJHVLQUHWLFXORHQGRWKHOLDOV\VWHPAm. J. Pathol.±

 6RX..OLSSHU5*RLQV%7VXFKLGD(3KLOOLSV:7&LUFXODWLRQNLQHWLFV DQGRUJDQ
GLVWULEXWLRQRI+EYHVLFOHVGHYHORSHGDVDUHGEORRGFHOOVXEVWLWXWHJ. Pharmacol. Exp. 
Ther.±
 7DJXFKL.8UDWD<$QUDNX00DUX\DPD7:DWDQDEH+ 6DNDL++RULQRXFKL+
.RED\DVKL . 7VXFKLGD ( .DL 7 2WDJLUL 0 3KDUPDFRNLQHWLF VWXG\ RI HQFORVHG
KHPRJORELQDQGRXWHUOLSLGFRPSRQHQWDIWHUWKHDGPLQLVWUDWLRQRIKHPRJORELQYHVLFOHV


DVDQDUWLILFLDOR[\JHQFDUULHUDrug Metab. Dispos.±
 6DNDL + 7RPL\DPD ., 6RX . 7DNHRND 6 7VXFKLGD ( 3RO\HWK\OHQH JO\FRO
FRQMXJDWLRQDQGGHR[\JHQDWLRQHQDEOH ORQJWHUPSUHVHUYDWLRQRIKHPRJORELQYHVLFOHV
DVR[\JHQFDUULHUVLQDOLTXLGVWDWHBioconjug. Chem.±
 7VXFKLGD(6RX.1DNDJDZD$6DNDL+.RPDWVX7.RED\DVKL.$UWLILFLDOR[\JHQ
FDUULHUV KHPRJORELQ YHVLFOHV DQG DOEXPLQKHPHV EDVHG RQ ELRFRQMXJDWH FKHPLVWU\
Bioconjug. Chem.±
 6DNDL + 7VXFKLGD ( +HPRJORELQYHVLFOHV IRU D WUDQVIXVLRQ DOWHUQDWLYH DQG WDUJHWHG
R[\JHQGHOLYHU\J. Liposome Res.±
 &RQWDOGR&6FKUDPP6:HWWVWHLQ56DNDL+7DNHRND67VXFKLGD(/HXQLJ0%DQLF
$ (UQL ' ,PSURYHG R[\JHQDWLRQ LQ LVFKHPLF KDPVWHU IODS WLVVXH LV FRUUHODWHG ZLWK
LQFUHDVLQJKHPRGLOXWLRQZLWK+EYHVLFOHVDQGWKHLU2DIILQLW\Am. J. Physiol. Heart 
Circ. Physiol.+
 6DNDL+2YHUYLHZRISRWHQWLDOFOLQLFDODSSOLFDWLRQVRIKHPRJORELQYHVLFOHV+E9DV
DUWLILFLDOUHGFHOOVHYLGHQFHGE\SUHFOLQLFDOVWXGLHVRIWKHDFDGHPLFUHVHDUFKFRQVRUWLXP
J. Funct. Biomater.
 .RPDWVX+)XUX\D76DWR12KWD.0DWVXXUD$2KPXUD77DNDJL60DWVXXUD0
<DPDVKLWD 0 ,WRGD 0 ,WRK - +RULQRXFKL + .RED\DVKL . (IIHFW RI KHPRJORELQ
YHVLFOH D FHOOXODUW\SH DUWLILFLDO R[\JHQ FDUULHU RQPLGGOH FHUHEUDO DUWHU\ RFFOXVLRQ
DQGDUDFKLGRQLFDFLGLQGXFHGVWURNHPRGHOVLQUDWVNeurosci. Lett.±
 9HUGX()%HUFLN3+XDQJ;;/X-$O0XWDZDO\16DNDL+7RPSNLQV7$&URLWRUX
.7VXFKLGD(3HUGXH0&ROOLQV607KH UROHRI OXPLQDO IDFWRUV LQ WKH UHFRYHU\RI
JDVWULFIXQFWLRQDQGEHKDYLRUDOFKDQJHVDIWHUFKURQLF+HOLFREDFWHUS\ORULLQIHFWLRQAm. 
J. Physiol. Gastrointest. Liver Physiol.*±*
 1DJDR 6 7DJXFKL. 6DNDL+ 7DQDND5+RULQRXFKL+:DWDQDEH+.RED\DVKL.
2WDJLUL 0 0DUX\DPD 7 &DUERQ PRQR[LGHERXQG KHPRJORELQYHVLFOHV IRU WKH
WUHDWPHQW RI EOHRP\FLQLQGXFHG SXOPRQDU\ ILEURVLV Biomaterials  ±

 7DJXFKL . <DPDVDNL . 6DNDL + 0DUX\DPD 7 2WDJLUL 0 7KH XVH RI KHPRJORELQ
YHVLFOHVIRUGHOLYHULQJPHGLFLQDOJDVIRUWKHWUHDWPHQWRILQWUDFWDEOHGLVRUGHUVJ. Pharm. 
Sci.±
 6DNDL++DUD+<XDVD07VDL$*7DNHRND67VXFKLGD(,QWDJOLHWWD00ROHFXODU


GLPHQVLRQV RI+EEDVHG2 FDUULHUV GHWHUPLQH FRQVWULFWLRQ RI UHVLVWDQFH DUWHULHV DQG
K\SHUWHQVLRQAm. J. Physiol. Heart Circ. Physiol.+±+
 6DNDL+7VXFKLGD(+RULQRXFKL+.RED\DVKL.2QH\HDUREVHUYDWLRQRI:LVWDUUDWV
DIWHU LQWUDYHQRXV LQIXVLRQ RI KHPRJORELQYHVLFOHV DUWLILFLDO R[\JHQ FDUULHUV Artif. 
Cells. Blood Substit. Immobil. Biotechnol.±
 6DNDL+0DVDGD<+RULQRXFKL+,NHGD(6RX.7DNHRND66XHPDWVX07DNDRUL
0.RED\DVKL.7VXFKLGD(3K\VLRORJLFDOFDSDFLW\RIWKHUHWLFXORHQGRWKHOLDOV\VWHP
IRU WKH GHJUDGDWLRQ RI KHPRJORELQ YHVLFOHV DUWLILFLDO R[\JHQ FDUULHUV DIWHU PDVVLYH
LQWUDYHQRXV GRVHV E\ GDLO\ UHSHDWHG LQIXVLRQV IRU  GD\V J. Pharmacol. Exp. Ther.
±
 7DJXFKL.0L\DVDWR08MLKLUD+:DWDQDEH+.DGRZDNL'6DNDL+7VXFKLGD(
+RULQRXFKL+.RED\DVKL.0DUX\DPD72WDJLUL0+HSDWLFDOO\PHWDEROL]HG DQG 
H[FUHWHG DUWLILFLDO R[\JHQ FDUULHU KHPRJORELQ YHVLFOHV FDQ EH VDIHO\ XVHG XQGHU
FRQGLWLRQVRIKHSDWLFLPSDLUPHQWToxicol. Appl. Pharmacol.±
 7DJXFKL.0DUX\DPD7 ,ZDR<6DNDL+.RED\DVKL.+RULQRXFKL+7VXFKLGD(
.DL 7 2WDJLUL0 3KDUPDFRNLQHWLFV RI VLQJOH DQG UHSHDWHG LQMHFWLRQ RI KHPRJORELQ
YHVLFOHVLQKHPRUUKDJLFVKRFNUDWPRGHOJ. Control. Release±
 &DUVRQ-/*URVVPDQ%-.OHLQPDQ67LQPRXWK$70DUTXHV0%)XQJ0.+ROFRPE
-% ,OORK 2 .DSODQ /- .DW] /0 5DR 6 9 5REDFN -' 6KDQGHU $ 7RELDQ $$5
:HLQVWHLQ56ZLQWRQ0F/DXJKOLQ/*'MXOEHJRYLF%&OLQLFDO7UDQVIXVLRQ0HGLFLQH
&RPPLWWHHRIWKH$$%%5HGEORRGFHOOWUDQVIXVLRQDFOLQLFDOSUDFWLFHJXLGHOLQHIURP
WKH$$%%Ann. Intern. Med.±
 2EUDGRU50XVXOLQ6+DQVHQ%5HGEORRG FHOO VWRUDJH OHVLRQJ. Vet. Emerg. Crit. 
Care±
 3HWHUV$/ YDQ+H]HO0( -XIIHUPDQV139ODDU$3- 3DWKRJHQHVLV RI QRQDQWLERG\
PHGLDWHG WUDQVIXVLRQUHODWHGDFXWH OXQJ LQMXU\ IURPEHQFK WREHGVLGHBlood Rev.
±
 1LFKROVRQ6(-RKQVRQ5$&UDLJ70\HUV-*'XUDQWH:6WHZDUW50-RKQVRQ).
7UDQVIXVLRQUHODWHGDFXWHOXQJLQMXU\LQDUDWPRGHORIWUDXPDKHPRUUKDJHJ. Trauma
±
 6DNDL++RULQRXFKL+7VXFKLGD(.RED\DVKL.+HPRJORELQYHVLFOHVDQGUHGEORRG
FHOOVDVFDUULHUVRIFDUERQPRQR[LGHSULRUWRR[\JHQIRUUHVXVFLWDWLRQDIWHUKHPRUUKDJLF


VKRFNLQDUDWPRGHOShock±
 /DQGDZ6$)DFWRUVWKDWDFFHOHUDWHRUUHWDUGUHGEORRGFHOOVHQHVFHQFHBlood Cells
±
 +XGVRQ/'0LOEHUJ-$$QDUGL'0DXQGHU5-&OLQLFDOULVNVIRUGHYHORSPHQWRIWKH
DFXWH UHVSLUDWRU\ GLVWUHVV V\QGURPH Am. J. Respir. Crit. Care Med.  ±

 6LOOLPDQ && )XQJ </ %DOO -% .KDQ 6< 7UDQVIXVLRQUHODWHG DFXWH OXQJ LQMXU\
75$/,FXUUHQWFRQFHSWVDQGPLVFRQFHSWLRQVBlood Rev.±
 :DUH/%0DWWKD\0$7KHDFXWHUHVSLUDWRU\GLVWUHVVV\QGURPHN. Engl. J. Med.
±75$
 6DNDPDNL ) ,VKL]DND $ 8UDQR 7 6D\DPD . 1DNDPXUD + 7HUDVKLPD 7 :DNL <
7DVDND6+DVHJDZD16DWR.1DNDJDZD12EDWD7.DQD]DZD0(IIHFWRIDVSHFLILF
QHXWURSKLOHODVWDVHLQKLELWRU212RQHQGRWR[LQLQGXFHGDFXWHOXQJLQMXU\Am. 
J. Respir. Crit. Care Med.±
 ⋢⇃ṇᝋ  ᰘᛅ᫂  ᖹ⃝༤அ  ❑⏣㐩ஓ  ዲ୰⌫࢚ࣛࢫࢱ࣮ࢮ㜼ᐖ๣㸹212
࣭1D ࡢ඲㌟⅖⑕཯ᛂ⑕ೃ⩌࡟క࠺⫵㞀ᐖ࡟ᑐࡍࡿ᭷ຠᛶ࡜Ᏻ඲ᛶࡢ᳨ウ
ʊ➨  ,,,┦஧㔜┣᳨ẚ㍑ヨ㦂ʊ⮫ᗋ་⸆  ±
 G¶$OPHLGD06-DJJHU-'XJJDQ0:KLWH0(OOLV&&KLQ<HH,+$FRPSDULVRQRI
ELRFKHPLFDODQGIXQFWLRQDODOWHUDWLRQVRIUDWDQGKXPDQHU\WKURF\WHVVWRUHGLQ&3'$
IRUGD\VLPSOLFDWLRQVIRUDQLPDOPRGHOVRIWUDQVIXVLRQTransfus. Med.±

 $OODQ 3) %ORRP %% :DQHN 6 5HYHUVDO RI KHPRUUKDJLF VKRFNDVVRFLDWHG KHSDWLF
LVFKHPLDUHSHUIXVLRQLQMXU\ZLWK1DFHW\OF\VWHLQHMil. Med.±
 6DNDL+0DVDGD<+RULQRXFKL+<DPDPRWR0 ,NHGD(7DNHRND6.RED\DVKL.
7VXFKLGD(+HPRJORELQYHVLFOHVVXVSHQGHGLQUHFRPELQDQWKXPDQVHUXPDOEXPLQIRU
UHVXVFLWDWLRQIURPKHPRUUKDJLFVKRFNLQDQHVWKHWL]HGUDWVCrit. Care Med.±

 7R\3*DMLF2%DFFKHWWL3/RRQH\05*URSSHU0$+XEPD\U5/RZHOO&$1RUULV
3-0XUSK\(/:HLVNRSI5%:LOVRQ*.RHQLJVEHUJ0/HH'6FKXOOHU5:X3
*ULPHV%*DQGKL0-:LQWHUV-/0DLU'et al.7UDQVIXVLRQUHODWHGDFXWHOXQJLQMXU\
LQFLGHQFHDQGULVNIDFWRUVBlood±
 6KD]%+6WRZHOO65+LOO\HU&'7UDQVIXVLRQUHODWHGDFXWHOXQJLQMXU\IURPEHGVLGH


WREHQFKDQGEDFNBlood±
 6LOOLPDQ && 3DWHUVRQ $- 'LFNH\ :2 6WURQHFN ') 3RSRYVN\ 0$ &DOGZHOO 6$
$PEUXVR '5 7KH DVVRFLDWLRQ RI ELRORJLFDOO\ DFWLYH OLSLGV ZLWK WKH GHYHORSPHQW RI
WUDQVIXVLRQUHODWHG DFXWH OXQJ LQMXU\ D UHWURVSHFWLYH VWXG\Transfusion ±

 6DNDL+6HLVKL<2EDWD<7DNHRND6+RULQRXLFKL+7VXFKLGD(.RED\DVKL.)OXLG
UHVXVFLWDWLRQ ZLWK DUWLILFLDO R[\JHQ FDUULHUV LQ KHPRUUKDJHG UDWV SURILOHV RI
KHPRJORELQYHVLFOH GHJUDGDWLRQ DQG KHPDWRSRLHVLV IRU  GD\V Shock  ±

 6HLVKL<+RULQRXFKL+6DNDL+.RED\DVKL.(IIHFWRI WKH&HOOXODU7\SH$UWLILFLDO
2[\JHQ&DUULHU+HPRJORELQ9HVLFOHDVD5HVXVFLWDWLYH)OXLGIRU3UHKRVSLWDO7UHDWPHQW
Shock±
 /LVND'-7KHGHWR[LILFDWLRQHQ]\PHV\VWHPVAltern. Med. Rev.±
 :LHQNHUV /& +HDWK 7* 3UHGLFWLQJ LQ YLYR GUXJ LQWHUDFWLRQV IURP LQ YLWUR GUXJ
GLVFRYHU\GDWDNat. Rev. Drug Discov.±
 =DQJHU806FKZDE0&\WRFKURPH3HQ]\PHVLQGUXJPHWDEROLVPUHJXODWLRQRI
JHQHH[SUHVVLRQHQ]\PHDFWLYLWLHVDQGLPSDFWRIJHQHWLFYDULDWLRQPharmacol. Ther.
±
 ᑠ⏣ษඃᶞ  ⸆≀ࡢ⾑Ύࢱࣥࣃࢡ⤖ྜ࡟㛵ࡍࡿ◊✲  ⸆Ꮫ㞧ㄅ   ±

 .QREORFK - 6XKHQGUR '. =LHOHQLHFNL -/ 6KDSWHU -* .|SHU , 0HPEUDQHGUXJ
LQWHUDFWLRQV VWXGLHG XVLQJPRGHOPHPEUDQH V\VWHPVSaudi J. Biol. Sci. ±

 7DJXFKL.0L\DVDWR08MLKLUD+:DWDQDEH+.DGRZDNL'6DNDL+7VXFKLGD(
+RULQRXFKL+.RED\DVKL.0DUX\DPD72WDJLUL0+HSDWLFDOO\PHWDEROL]HG DQG 
H[FUHWHG DUWLILFLDO R[\JHQ FDUULHU KHPRJORELQ YHVLFOHV FDQ EH VDIHO\ XVHG XQGHU
FRQGLWLRQVRIKHSDWLFLPSDLUPHQWToxicol. Appl. Pharmacol.±
 7DJXFKL.0DUX\DPD72WDJLUL03KDUPDFRNLQHWLFSURSHUWLHVRIKHPRJORELQYHVLFOHV
DVDVXEVWLWXWHIRUUHGEORRGFHOOVDrug Metab. Rev.±
 6DNDL + +RULQRXFKL + 0DVDGD < 7DNHRND 6 ,NHGD ( 7DNDRUL 0 .RED\DVKL .
7VXFKLGD(0HWDEROLVP RI KHPRJORELQYHVLFOHV DUWLILFLDO R[\JHQ FDUULHUV DQG WKHLU
LQIOXHQFHRQRUJDQIXQFWLRQVLQDUDWPRGHOBiomaterials±


 6DNDL++RULQRXFKL+<DPDPRWR0 ,NHGD ( 7DNHRND 6 7DNDRUL0 7VXFKLGD (
.RED\DVKL.$FXWHSHUFHQWH[FKDQJHWUDQVIXVLRQZLWKKHPRJORELQYHVLFOHV+E9
VXVSHQGHG LQ UHFRPELQDQW KXPDQ VHUXP DOEXPLQ VROXWLRQ GHJUDGDWLRQ RI +E9 DQG
HU\WKURSRLHVLVLQDUDWVSOHHQIRUZHHNVTransfusion±
 %DQGLHUD 6 5\DQ '( /HYLQ : 7KRPDV 3( $JH DQG VH[UHODWHG H[SUHVVLRQ RI
F\WRFKURPHV SI DQG 3J LQ UDW OLYHU Arch. Biochem. Biophys.  ±

 6FKZDQKlXVVHU%%XVVH'/L1'LWWPDU*6FKXFKKDUGW-:ROI-&KHQ:6HOEDFK
0*OREDOTXDQWLILFDWLRQRIPDPPDOLDQJHQHH[SUHVVLRQFRQWURONature±

 5DEDQL 0 /HYLQ -= )DQ / $GLFRQLV ; 5D\FKRZGKXU\ 5 *DUEHU 0 *QLUNH $
1XVEDXP&+DFRKHQ1 )ULHGPDQ1$PLW , 5HJHY$0HWDEROLF ODEHOLQJ RI 51$
XQFRYHUVSULQFLSOHVRI51$SURGXFWLRQDQGGHJUDGDWLRQG\QDPLFVLQPDPPDOLDQFHOOV
Nat. Biotechnol.±
 2KWVXNL 6 6FKDHIHU 2 .DZDNDPL + ,QRXH 7 /LHKQHU 6 6DLWR $ ,VKLJXUR 1
.LVKLPRWR : /XGZLJ6FKZHOOLQJHU ( (EQHU 7 7HUDVDNL 7 6LPXOWDQHRXV DEVROXWH
SURWHLQ TXDQWLILFDWLRQ RI WUDQVSRUWHUV F\WRFKURPHV 3 DQG 8'3
JOXFXURQRV\OWUDQVIHUDVHV DV D QRYHO DSSURDFK IRU WKH FKDUDFWHUL]DWLRQ RI LQGLYLGXDO
KXPDQ OLYHU FRPSDULVRQZLWKP51$ OHYHOV DQG DFWLYLWLHVDrug Metab. Dispos. 
±
 ๓⏣࿴ဢ ᵽᆏ❶༤ ᩪ⸨჆ᮁ Ọ஭ᑦ⨾ ஂ⡿ಇ⾜ ་⸆ရ㛤Ⓨ࡜㐺ṇ࡞᝟ሗ
ᥦ౪ࡢࡓࡵࡢ⸆≀┦஫స⏝࢞࢖ࢻࣛ࢖ࣥ㸦᭱⤊᱌㸧࡟ࡘ࠸࡚ ⸆๣Ꮫ   ±

 6KLQN\R5*XHQJHULFK)3,QKLELWLRQRIKXPDQF\WRFKURPH3$E\FKROHVWHURO
J. Biol. Chem.±
 $KQ 7 .LP0 <XQ & &KDH + )XQFWLRQDO UHJXODWLRQ RI KHSDWLF F\WRFKURPH S
HQ]\PHV E\ SK\VLFRFKHPLFDO SURSHUWLHV RI SKRVSKROLSLGV LQ ELRORJLFDO PHPEUDQHV
Curr. Protein Pept. Sci.±
 2JDNL 6 7DJXFKL . :DWDQDEH + ,VKLPD < 2WDJLUL 0 0DUX\DPD 7 &DUERQ
PRQR[LGHERXQG UHG EORRG FHOO UHVXVFLWDWLRQ DPHOLRUDWHV KHSDWLF LQMXU\ LQGXFHG E\
PDVVLYH KHPRUUKDJH DQG UHG EORRG FHOO UHVXVFLWDWLRQ YLD KHSDWLF F\WRFKURPH 3
SURWHFWLRQLQKHPRUUKDJLFVKRFNUDWVJ. Pharm. Sci.±


 2JDNL 67DJXFKL.:DWDQDEH+2WDJLUL00DUX\DPD7&DUERQPRQR[LGHERXQG
UHG EORRG FHOOV SURWHFW UHG EORRG FHOO WUDQVIXVLRQLQGXFHG KHSDWLF F\WRFKURPH 3
LPSDLUPHQWLQKHPRUUKDJLFVKRFNUDWVDrug Metab. Dispos.±
 2JDNL67DJXFKL.0DHGD+:DWDQDEH+,VKLPD<2WDJLUL00DUX\DPD7.XSIIHU
FHOO LQDFWLYDWLRQ E\ FDUERQ PRQR[LGH ERXQG WR UHG EORRG FHOOV SUHVHUYHV KHSDWLF
F\WRFKURPH 3 YLD DQWLR[LGDQW DQG DQWLLQIODPPDWRU\ HIIHFWV H[HUWHG WKURXJK WKH
+0*%7/5 SDWKZD\ GXULQJ UHVXVFLWDWLRQ IURP KHPRUUKDJLF VKRFN Biochem. 
Pharmacol.±
 6DNDL + /L % /LP:/ ,JD < 5HG EORRG FHOOV GRQDWH HOHFWURQV WRPHWK\OHQH EOXH
PHGLDWHG FKHPLFDO UHGXFWLRQ RI PHWKHPRJORELQ FRPSDUWPHQWDOL]HG LQ OLSRVRPHV LQ
EORRGBioconjug. Chem.±
 .HWWLVHQ.%ORZ/6DNDL+3RWHQWLDOHOHFWURQPHGLDWRUVWRH[WUDFWHOHFWURQHQHUJLHV
RI 5%& JO\FRO\VLV IRU SURORQJHG LQ YLYR IXQFWLRQDO OLIHWLPH RI KHPRJORELQ YHVLFOHV
Bioconjug. Chem.±
 7DEDWD.<DPDRND..DLEDUD$ 6X]XNL67HUDNDZD0+DWD70RPHQW DQDO\VLV
SURJUDP DYDLODEOH RQ 0LFURVRIW ([FHO Drug Metab. Pharmacokinet.  ±

 .HOKHU050DVXQR70RRUH(('DPOH60HQJ;6RQJ</LDQJ;1LHG]LQVNL-
*HLHU66.KDQ6<*DPERQL5REHUWVRQ)6LOOLPDQ&&3ODVPD IURP VWRUHGSDFNHG
UHGEORRGFHOOVDQG0+&FODVV,DQWLERGLHVFDXVHVDFXWHOXQJLQMXU\LQDHYHQWLQYLYR
UDWPRGHOBlood±
 0DHVKLPD.7DNDKDVKL78HKDUD.6KLPL]X+2PRUL(<RNR\DPD07DQL7$NDJL
50RULWD.3UHYHQWLRQRIKHPRUUKDJLF VKRFNLQGXFHG OXQJ LQMXU\ E\KHPH DUJLQDWH
WUHDWPHQWLQUDWVBiochem. Pharmacol.±
 0XUDNDPL.0F*XLUH5&R[5$ -RGRLQ -0%MHUWQDHV/-.DWDKLUD - 7UDEHU/'
6FKPDOVWLHJ )& +DZNLQV +. +HUQGRQ '1 7UDEHU '/ +HSDULQ QHEXOL]DWLRQ
DWWHQXDWHV DFXWH OXQJ LQMXU\ LQ VHSVLV IROORZLQJ VPRNH LQKDODWLRQ LQ VKHHSShock
±
 1DNDPXUD.+LUD\DPD.XURJL0,WR6.XQR7<RQH\DPD72EXFKL:7HUDVDNL7
2KWVXNL6/DUJHVFDOHPXOWLSOH[DEVROXWHSURWHLQTXDQWLILFDWLRQRIGUXJPHWDEROL]LQJ
HQ]\PHVDQGWUDQVSRUWHUVLQKXPDQLQWHVWLQHOLYHUDQGNLGQH\PLFURVRPHVE\6:$7+
06 &RPSDULVRQ ZLWK 050650 DQG +5050350 Proteomics  ±



 0DVXGD77RPLWD0,VKLKDPD<3KDVHWUDQVIHUVXUIDFWDQWDLGHGWU\SVLQGLJHVWLRQIRU
PHPEUDQHSURWHRPHDQDO\VLVJ. Proteome Res.±
 /LX<-LDR-=KDQJ&/RX-$VLPSOLILHGPHWKRGWRGHWHUPLQHILYHF\WRFKURPHS
SUREHGUXJVE\+3/&LQDVLQJOHUXQBiol. Pharm. Bull.±
 :DQJ;/HH:<:2U30<<HXQJ-+.(IIHFWVRIPDMRUWDQVKLQRQHVLVRODWHGIURP
'DQVKHQ 6DOYLD PLOWLRUUKL]D RQ UDW &<3$ H[SUHVVLRQ DQG PHWDEROLVP RI PRGHO
&<3$SUREHVXEVWUDWHVPhytomedicine±
 :DQJ ; /HH :<: 2U 30< <HXQJ -+. 3KDUPDFRNLQHWLF LQWHUDFWLRQ VWXGLHV RI
WDQVKLQRQHV ZLWK WROEXWDPLGH D PRGHO &<3& SUREH VXEVWUDWH XVLQJ OLYHU
PLFURVRPHV SULPDU\ KHSDWRF\WHV DQG LQ YLYR LQ WKH UDWPhytomedicine ±

 6XQ0 7DQJ<'LQJ7 /LX0:DQJ; ,QKLELWRU\ HIIHFWV RI FHODVWURO RQ UDW OLYHU
F\WRFKURPH3$&'(DQG$DFWLYLW\Fitoterapia±
 :DQJ;<HXQJ-+.(IIHFWVRI6DOYLDPLOWLRUUKL]DH[WUDFWRQWKHOLYHU&<3$DFWLYLW\
LQKXPDQVDQGUDWVPhytother. Res.±


